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Advertifement. 


HE  great  encouragement  Mr* 


A  Wright  has  had  for  many  years 
paft  in  making  large  Orreries,  with  the 
motions  of  all  the  Planets  and  Satellites* 
and  the  true  motion  of  Saturn  s  Ring, 
has  made  him  fo  ready  and  perfect,  that 
Gentlemen  may  depend  on  having  them 
made  reafonable  and  found,  not  liable 
to  be  out  of  Order. 

As  may  be  feen  by  one  he  made  for 
Mr.  Watt's  Academy  in  Tower-ftreet. 

Another  for  his  Majefty  at  Kenfington . 

Another  for  the  New  Royal  Academy 
at  Portfmoutb. 

Another  for  his  Grace  the  Duke  of 
Argyle  (late  Lord  lla.) 

i\nd  feveral  other  large  ones  for  No¬ 
blemen  and  Gentlemen. 

The  above,  and  all  other  Mathemati¬ 
cal,  Philofophical,  and  Optical  Inftru- 
ments,  are  now  made  in  the  moll  com¬ 
plete  manner,  by  B.  Cole,  Servant  to 
Mr.  Wright,  at  the  time  of  the  above 
being  made,  and  fucceffor  to  him  in 
the  fame  Trade  and  Bufinefs. 
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THE 

INTRODUCTION, 

CONTAINING 

A  Brief  Account  of  the  Solar 
SysteMj  and  of  the  Fixed 
Stars. 


SEC  T.  I. 

\ 

Of  the  Order  and  Periods  of  the  Primary 
Planets  revolving  about  the  Sun ;  and 
of  the  Secondary  Planets  round  their  re -» 
f petti ve  Pri mari es. 

% 

MWMHE  Sun  is  placed  in  the  midft 
J|  T  H  of  an  immenfe  fpace,  wherein 

°Paclue  Spherical  bodies  re¬ 
volve  about  him  as  their  center. 
Thefe  wandering  globes  are  called  the 
Planets ,  who,  at  different  diftances,/^^ 

B  and 

% 
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and  in  different  periods,  perform  their 
revolutions  from  Weft  to  Eaft,  in  the 
following  order: 

i .  $  Mercury  is  neareft  to  the  Sun  of 
all  the  planets,  and  performs  its  courfc 
in  about  three  months.  2.  2  Venus  in 
about  feven  months  and  a  half.  3.  ® 
The  Earth  in  a  year.  4.  $  Mars  in 
about  two  years.  5.  %  Jupiter  in  twelve. 
And  laftly,  h  Saturn,  whofe  *Orbit  in¬ 
cludes  all  the  reft,  fpends  almoft  30  years 
in  one  revolution  round  the  Sun.  The 
diftances  of  the  Planets  from  the  Sun 
are  nearly  in  the  fame  proportion  as 
they  are  reprefented  in  Plate  1.  viz* 
Suppofing  the  diftance  of  the  Earth 
from  the  Sun  to  be  divided  into  1# 
■equal  parts  3  that  of  Mercury  will  be 
about  4  of  thefe  parts  3  of  Venus  7  3  of 
Mars  153  of  Jupiter  523  and  that  of 
Saturn  95, 

The 

The  Charadters  placed  before  the  names  of  the  Pla¬ 
cets,  are  for  brevity’s  fake  commonly  made  ufe  of  by 
Aflronomers,  inltead  of  the  words  at  length,  as  §  ,  for 
Venus,  &c» 

*  By  the  Orbit  of  a  Planet  is  commonly  underftooJ. 
the  Tia£t  or  Ring,  defcribed  by  its  Center  round  the 
bur,  but  by  the  Plane  of  the  Orbit  is  meant  a  flat  Sur¬ 
face  extended  every  way  thro’  the  Orbit  infinitely ♦ 
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Sea.  i.  Of  the  Solar  System* 

The  orbits  of  the  Planets  are  not  all 
in  the  fame  plane,  but  varioufly  inclined 
to  one  another;  lb  that  fuppofing  one 

of  them  to  coincide  with  the  above 

\ 

fcheme,  the  others  will  have  one  half 
above,  and  the  other  half  below  it;  in¬ 
terfering  one  another  in  a  line  paffing 
through  the  Sun.  The  plane  of  the 
Earth’s  orbit  is  called  the  Ecliptic ;  and 
this  the  aftronomers  make  the  hand- 
ard  to  which  the  planes  of  the  other 
orbits  are  judged  to  incline.  The 
right  line  paffing  thro’  the  Sun,  and 
the  common  interfefition  of  the  plane 
©f  the  orbit  of  any  planet  and  the  E~ 
eliptic,  is  called  the  Line  of  the  Nodes  Nodes* 
®t  that  planet;  and  the  points  them- 
felves,  wherein  the  orbit  cuts  the  Eclip¬ 
tic,  are  called  the  Nodes. 

The  inclinations  of  the  orbits  of  the 
Planets  to  the  plane  of  the  ecliptic,  are 
as  follows,  viz.  the  orbit  of  Mercury 
makes  an  angle  with  it  of  almoft  7  de¬ 
grees;  that  of  Venus  fomething  above  34, 
degrees;  of  Mars  a  little  lefs  than  2 
degrees;  of  Jupiter ,  14.  degree;  and 
of  Saturn ,  about  24*  degrees.  The 
orbits  of  the  Planers  are  not  circles,  but 
ellipfes  or  ovals.  What  an  ellipfis  is, 
may  be  eafilv  underftood  from  the 

B  2  follow- 
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following  defcription.  Imagine  tw© 
fmall  pegs  fixed  upright  on  any  plane, 
and  fuppofe  them  tied  with  the  ends  of 
a  thread  fomewhat  longer  than  their 
diftance  from  one  another:  Now  if  a 
pin  be  placed  in  the  double  of  the  thread 
and  turned  quite  round  (always  ftretch- 
ing  the  thread  with  the  fame  force)  the 
curved  delcribed  by  this  motion  is  art 
Ellipfis.  The  two  points  where  the 
pegs  flood,  (about  which  the  thread 
was  turned)  are  called  th zfoci  of  that 
ellipfis  s  and  if,  without  changing  the 
length  of  the  thread,  we  alter  the 
pofition  of  the  pegs,  we  (hall  then  have 
an  ellipfis  of  a  different  kind  from  the 
former  $  and  the  nearer  the  focuss  are 
together,  the  nearer  will  the  curve  de¬ 
fended  be  to  a  circle  j  until  at  lafl,  the 
two  focus  s  coincide,  and  then  the  pin  \u 
the  doubling  of  the  thread  will  deferibe 
a  pa  red:  circle.  The  orbits  of  all  the 
Planets  have  the  Sun  in  one  of  their 
focus sy  and  half  the  diftance  between 
the  two  focus  s  is  called  the  Excentri - 
city  of  the  orbits  This  excentricity 
is  different  in  all  the  planets,  but  in 
in  oft  of  them  fo  final!,  that  in  little 
ichemes  or  inftruments,  made  to  repre- 
fent  the  planetary  orbits*  it  need  not  be 
confidered. 


The 
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The  fix  Planets  above-mentioned, 
are  called  Primaries ,  or  Primary  Pia -  Primary 
nets',  but  befides  thefe,  there  are  tznplauetim 
other  lefler  Planets,  which  are  called 
Secondaries ,  Moons ,  or  Satellites .  Thefe 
moons  always  accompany  their  vz-planeu' 
ipedtive  primaries,  and  peiform  their 
Revolutions  round  them,  whilft  both 
together  are  alfo  carried  round  the  Sun. 

Of  the  fix  Primary  Planets,  there  are 
but  three,  as  far  as  obfervation  can  af- 
fure  us,  that  have  thefe  attendants,  viz . 
the  Earth ,  Jupiter ,  and  Saturn . 

/ 

The  Earth  is  attended  by  the  Moon, 
who  performs  her  revolution  in  about 
274  Days,  at  the  diftance  of  about  30 
Diameters  of  the  Earth  from  it;  and 
once  a  Year  is  carried  round  the  Sun 
along  with  the  Earth* 

Jupiter  has  four  Moons ,  or  Satellites ;  Jupiter* 
the  fir  ft,  or  innermoft,  performs  its!hur 
revolution  in  about  one  Day,  and  i8-t.il0jn 
Hours,  at  the  diftance  of  54  Semidia¬ 
meters  of  Jupiter ,  from  his  Center; 
the  fecond  revolves  about  Jupiter  in  3 
Days,  13  Hours,  at  the  diftance  of  9 
of  his  Semidiameters;  the  third  in  7 
Days,  and  4  Hours,  at  the  diftance  of 
144  Semidiameters;  th t  fourth,  and  out- 
•  B  3  ermcfl , 
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Saturn 
has  five 
Moons, 


Saturn*'  s 
Ring, 


ermoft ,  performs  its  courfe  in  the  fpace 
of  16  Days,  17  Hours;  and  .is  diftant 
from  Jupiter's  center,  254  of  his  Semi- 
diameters,, 

Saturn  has  no  lefs  than  five  Satellites, 
the  jirfi ,  or  innermoft,  revolves  about 
him  in  1  Day,  and  2 1  Hours,  at  the  dis¬ 
tance  of  44-  Semidiameters  of  h  ,  from 
his  center;  the  fecond  compleats  his 
period  in  24  Days,  at  the  diffance  of 
54  of  his  Semidiameters;  the  thirds  in 
about  44  Days,  at  the  diftance  of  8 
Semidiameters;  the  fourth  performs  its 
courfe  in  about  16  Days,  at  the  dif¬ 
tance  of  18  Semidiameters;  th t  fifth,  and 
outermoft,  takes  794  Days,  to  finifh  his 
courfe,  and  is  54  Semidiameters  of  Sa¬ 
turn  diftant  from  his  center.  The  Sa¬ 
tellites,  as  well  as  their  primaries,  per¬ 
form  their  revolutions  from  Weft  to 
Eajl:  The  planes  of  the  Orbits  of  the 
Satellites  of  the  fame  Planet  are  vari~ 
oufly  inclined  to  one  another,  and  con- 
fequenlly  are  inclined  to  the  plane  of 
the  Orbit  of  their  primary. 

Befides  thefe  attendants,  Saturn  is  ern 
compaffed  with  a  thin  plain  Ring,  that 
does  no  where  touch  his  body:  The  di¬ 
ameter  of  this  Ring  is  to  the  diameter 

of 


3e£h  io  Of  the  Solar  System. 

of  Saturn,  as  9  to  4;  and  the  void  fpace 
between  the  Ring  and  the  body  of  Saturn 
is  equal  to  the  breadth  of  the  Ring  it* 
felfj  fo  that  in  lome  fituations  the  Hea¬ 
vens  may  be  feen  between  the  Ring  and 
his  body.  This  furprizing  phenomenon 
of  Saturn  s  Ring,  is  a  modern  difcovery^ 
neither  were  the  Satellites  of  Jupiter 
and  Saturn  known  to  the  ancients. 

The  Jovial  Planets  were  firft  difcovered 
by  the  famous  Italian  phiiofopher  Ga~ 
Ulceus,  by  a  telefcope  which  he  firft  in¬ 
vented  5  and  the  celebrated  CaJJini ,  the 
French  king’s  aftronomer,  was  the  firft 
that  faw  all  the  Satellites  of  Saturn ; 
which  by  reafon  of  their  great  diftances 
from  the  Sun,  and  the  fmallnefs  of  their 
owm  bodies,  cannot  be  feen  by  us,  but 
by  the  help  of  very  good  glafles. 

The  motion  of  the  primary  Planets Anm*i 
round  the  Sun  (as  alfo  of  the  Satellites 
round  their  refpedtive  primaries)  is  cal¬ 
led  their  Annual  Motion ;  becaufe  they 
have  one  Year,  or  alteration  of  Seafons 
compleat,  in  one  of  thefe  revolutions. 
Befides  this  annual  motion,  four  of  the 
Planets,  viz.  Venus ,  th z  Earth,  Mars ,  and 
JupiterxznolvQ  about  their  ownyf,m,from 
tVeJl  to  Eajl\  and  this  is  called  their  Di-  Diurnal 
urnal  Motion.  For  by  this  rotation,  each^*'**- 

R  £  *  point 
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point  of  their  furfaces  is  carried  fucceft 
lively  towards  or  from  the  Sun,  who  al¬ 
ways  illuminates  the  hemifphere  which 
is  next  to  him,  the  other  remaining  ob» 
fcure;  and  while  any  place  is  in  the 
hemifphere,  illuminated  by  the  Sun,  it 
is  Dayy  but  when  it  is  carried  to  the 
obfcure  hemifphere,  it  becomes  Night ; 
and  fo  continues,  until  by  this  rotation 
the  faid  place  is  again  enlightened  by 
the  Sun. 

Diurnal  The  Earth  performs  its  revolution 

ttT?°fround  *ts  axis  *n  2  3  ^ours’  5d  Minutes; 
$  and’ %*Venusy  in  24  Days,  8  Hours;  Mars ,  in 
24  Hours,  and  40  Minutes;  and  Jupiter 
moves  round  his  own  axis  in  9  Hours, 
©and  d  and  56  Minutes.  The  Sun  alfo  is  found 
luccwife  to  turn  round  his  axis  from  Weft  fo 

cheirdxis  Eaft,  in  27  Days:  And  the  Moon,  which 
is  neareft  to  us  of  all  the  Planets,  re¬ 
volves  about  her  axis  in  a  Month,  or  in 
the  fame  (pace  of  time  that  fhe  turns 

round 


*N\  B„  According  to  Biachim  s  Obfervations,  Venus' s 
axis  inclines  75  degrees  from  the  perpendicular  to  the 
plane  of  the  Ecliptic  (which  is  51^  deg.  more  than  the 
axis  of  our  Earth)  her  Tropics  are  only  15  deg.  from 
her  Poles,  and  her  Polar  Circles  at  the  fame  di. (lance 
from  her  Equator ;  fo  that  the  Sun’s  greatefl  Declination 
on  each  fide  of  her  Equator  is  75  deg.  by  which  fne 
muft  undergo  a  much  greater  variety  of  feafons  than 
do  on  onr  Earth. 
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round  the  Earth;  fo  that  the  Lunarians 
have  but  i  Day  throughout  the  Year. 

I.  The  Planets  are  all  Opaque  bodies,  The  Pia* 
having  no  light  but  what  they  borrow  *Lets  are 
from  the  Sun;  for  that  fide  of  themandaqGi0- 
which  is  next  towards  the  Sun,  has  al-buiar, 
ways  been  obferved  to  be  illuminated, 

in  what  pofition  foever  they  be;  but  the 
oppofite  fide,  which  the  Solar  rays  do 
not  reach,  remains  dark  and  obfcure; 
whence  it  is  evident  that  they  have  no 
light  but  what  proceeds  from  the  Sun; 
for  if  they  had,  all  parts  of  them  would 
be  lucid,  without  any  darknefs  or  fha- 
dow.  The  Planets  are  likewife  proved 
to  be  Globular ;  becaufe  let  what  part 
foever  of  them  be  turned  towards  the 
Sun,  its  boundary,  or  the  line  feparat- 
ing  that  part  from  the  oppofite,  always 
appears  to  be  circular;  which  could  not 
happen,  if  they  were  not  globular. 

II.  That  the  Earth  is  placed  betwixt The  Pla- 
the  Orbs  of  Mars  and  Venus ,  and  that"®*^u^ 

and  h  ,  do  all  turn  roundsun, 
the  Sun,  is  proved  from  obfervations  as 
follow  : 

i.  Whenever  Venus  is  in  conjunction 
with  the  Sun,  that  is,  when  (he  is  in  the  4 
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fame  diredtion  from  the  Earth,  or  to¬ 
wards  the  fame  part  of  the  Heavens  the 
Sun  is  in;  ihe  either  appears  with  a 
bnght  and  round  face,  like  a  Full  Moon, 
or  elfe  dilappears:  Or,  if  (he  is  vifibie, 
fhe  appears  horned,  like  a  new  Moon; 
which  phenomena  could  never  happen 
if  ?  did  not  turn  round  the  Sun,  and 
was  hot  betwixt  him  and  the  Earth: 
For  ilnce  all  the  Planets  borrow  their 
light  from  the  Sun,  it  is  nelceilary  that 
%  $  lucid  face  fhouhi  be  towards  the 
Sun;  and  when  fhe  appears  fully  illu¬ 
minated,  ihe  (hews  the  fame  face  to  the 
Sun  and  Earth;  and  at  that  time  fhe 
snuft  be  above  or  beyond  the  Sun;  tor 
in  no  other  poiirion  could  her  iliumi-* 
nated  face  be  feen  from  the  Earth. 
Farther,  when  (hediiappears,  or  if  vifible, 
appears  horned;  that  face  of  her  s  which 
is  towards  the  Sun  is  either  wholly  turn¬ 
ed  from  the  Earth,  or  only  a  fmall  part 
of  it  can  be  feen  by  the  Earth;  and  in 
this  cafe  (lie  mud  of  neceffity  be  betwixt 
%hti  s*  ns  and  the  Sun.  Let  S  be  the  Suny  T 
ze  s.  j;jie  £arij^  anc|  v  Venus y  having  the  fame 
face  prefented  both  towards  the  Sun 
and  Earthy  here  it  is  plain  that  the  Sun 
is  betwixt  us  and  Venus ,  and  therefore 
we  muft  either  place  Venus  in  an  Orbit 
found  the  Sun,  and  likewife  betwixt  him 

ani 
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and  us,  as  in  Fig.  i.  or  die  we  muft 
make  the  Sun  to  move  round  the  Earth 
in  an  Orbit  within  that  of  Venus ,  as  in 
F/g*.  2.  Again,  after  Venus  difappears* 
or  becomes  horned,  at  her*  6  with  the 
G  ,  fhe  then  muft  be  betwixt  us  and  the 
Sun,  and  muft  move  either  in  an  Orbit 
round  the  Sun  and  betwixt  us  and  him* 
as  in  Fig .  i.  or  elfe  round  the  Earth* 
and  betwixt  us  and  the  Sun,  as  in  Fig .  2e 
But  Venus  cannot  move  fometimes  within 
the  Sun’s  Orbit,  and  fometimes  without 
it,  as  we  muft  fuppofe  if  fhe  moves 
round  the  Earth;  therefore  it  is  plain 
that  her  motion  is  round  the  Sun. 

Befides  the  forgoing,  there  is  another 
argument  to  prove  that  Venus  turns  round 
the  Sun  in  an  Orbit  that  is  within  the 
Earth’s,  becaufe  me  is  always  obferved 
to  keep  near  the  Sun,  and  in  the  fame 
quarter  of  the  Heavens  that  he  is  in* 
never  receding  from  him  more  than 
about  4  of  a  whole  circle;  and  there¬ 
fore  fhe  can  never  come  in  oppofition 
to  him ;  which  would  neceflarily  hap¬ 
pen,  did  fhe  perform  her  courfe  round 
the  Earth  either  in  a  longer  or  fhorter 
time  than  a  Year.  And  this  is  the 

reafon 

*  6  Is  a  mark  commonly  ufed  for  conjunction :  thus 
•  with  the©,  is  to  be  read  conjunction  with  the  Sun. 
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Why  Ve-  reafon  why  Venus  is  never  to  be  feen 
msls  a!'  near  midnight,  but  always  either  in  the 
ther  our  Morning  or  Evening,  and  at  moft  not 
Morning  above  three  or  four  Hours  before  Sun- 

ing  Star"  nfing  or  after  Sun-fetting.  From  the 
time  of  ? ’s  fuperior  conjunction  (or 
when  (lie  is  above  the  Sun)  (he  is  more 
Eafterly  than  the  Sun,  and  therefore 
fets  latter,  and  is  feen  after  Sun-fetting; 
and  then  fhe  is  commonly  called  the 
Evening  Star .  But  from  the  time  of 
her  inferior  conjunction,  ’till  fhe  comes 
again  to  the  fuperior,  fhe  then  appears 
more  Wefterly  than  the  Sun,  and  is 
only  to  be  feen  in  the  morning  before 
Sun-rifing,  and  is  then  called  the  Morn - 
ing  Star . 

After  the  fame  manner  we  prove 
that  Mercury  turns  round  the  Sun,  for 
he  always  keeps  in  the  Sun’s  neigh¬ 
bourhood,  and  never  recedes  from  him 
fo  far  as  Venus  does;  and  therefore  the 
Orbit  of  g  muft  lie  within  that  of  ?  ; 
and  on  the  account  of  his  nearnefs  to 
the  Sun,  he  can  feidom  be  feen  without 
a  Telefcope. 

The  Or-  Mars  is  obferved  to  come  in  oppofi- 
mJ! in*  *i°n>  and  likewife  to  have  all  other  af« 
dudes  thepefrs  with  the  Sun;  he  always  preferves 
Earth’s,  a  round. 
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a  round,  full,  and  bright  face,  except 
when  he  is  near  his  quadrate  afpect, 
when  he  appears  fomewhat  gibbous, 
like  the  Moon  three  or  four  Days  before 
or  after  the  full:  Therefore  the  Orbit 
of  $  muft  include  the  Earth  within  it, 
and  alfo  the  Sun;  for  if  he  was  betwixt 
the  Sun  and  us  at  the  time  of  his 
inferior  conjunction,  he  would  either 
quite  difappear,  or  appear  horned,  as 
Venus  and  the  Moon  do  in  that  pofition. 
Let  S  be  the  Sun ,  T  the  Earthy  and  Fig. 
A  P  Mars ,  both  in  his  conjunction 
and  oppofition  to  the  Sun,  and  in  both 
pofitions  full;  and  BC  Mars  at  his 
quadratures,  when  he  appears  fome¬ 
what  gibbous  from  the  Earth  at  T. 
’Tis  plain  hence,  that  the  Orbit  of  Mars 
does  include  the  Earth,  otherwife  he 
could  not  come  in  oppofition  to  the 
Sun;  and  that  it  likewife  includes  the 
Sun,  eke  he  could  appear  full  at  his 
conjunction. 

Mars  when  he  is  in  oppofition  to 
the  Sun,  looks  almoft  leven  times 
larger  in  diameter  than  when  he  is  in 
conjunction  with  him,  and  therefore 
muft  needs  be  almoft  (even  times  nearer 
to  us  in  one  pofition  than  in  the  other; 
for  the  apparent  magnitudes  of  far 

diftant 
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diftant  objedts  Increafe  or  decreafe  in 
proportion  to  their  diftances  from  us: 
But  Mars  keeps  always  nearly  at  the 
fame  diftance  from  the  Sun;  therefore 
it  is  plain  that  it  is  not  the  Earth,  but 
the  Sun,  that  is  the  center  of  his 
motion. 

It  is  proved  in  the  fame  way,  that 
Jupiter  and  Saturn  have  both  the  Sun 
and  the  Earth  within  their  Orbits,  and 
that  the  Sun,  and  not  the  Earth,  is  the 
center  of  their  motions;  altho’  the  dis¬ 
proportion  of  the  diftances  from  the 
Earth  is  not  fo  great  in  Jupiter ,  as  it  is 
in  Mars. ,  nor  fo  great  in  Saturn ,  as  it  is  in 
Jupiter ,  by  reafon  that  they  areata  much 
greater  diftance  from  the  Sun. 

Inferior  We  have  now  (hewn  that  all  the  Pla- 
and  j^-nets  turn  round  the  Sun,  and  that  Mer~ 
'mL  a°  curJ  an^  Venus  are  included  between 
him  and  the  Earth,  whence  they  are 
called  the  Inferior  Planets ,  and  that  the 
Earth  is  placed  betw  een  the  Orbits  of 
Mars  and  Venus ,  and  therefore  included 
within  the  Orbits  of  Mars ,  Jupiter ,  and  , 
Saturn ,  whence  they  are  called  the  Su¬ 
perior  Planets:  And  ftnce  the  Earth  is 
in  the  middle  of  thefe  moveable  bodies* 
and  is  of  the  fame  nature  with  them. 
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we  may  conclude  that  flie  has  the  fame 
fort  of  motions  3  but  that  (he  turns 
round  the  Sun  is  proved  thus  : 


All  the  Planets  feen  from  the  Earth  TheEartk 
appear  to  move  very  unequally,  as^ndmn 
fometimes  to  go  fafter,  at  other  times  but  turns 
flower  j  fometimes  to  go  backwards,  ^nd  th6 
and  fometimes  to  be  flationary,  or  not  to 
move  at  all;  which  could  not  happen 
if  the  Earth  flood  ftill.  Let  S  be  the^r*  4* 
Sun,  T  the  Earth,  the  great  circle 
A  B  C  D  the  Orbit  of  Mars,  and  the 
numbers  i,  2,  3,  &c.  its  equable  mo¬ 
tion  round  the  Sun ;  the  correfpondent 
numbers  1,  2,  3,  &c .  in  the  circle  a> 
l ,  c,  d,  the  motion  of  Mars ,  as  it  would 
be  feen  from  the  Earth.  It  Is  plain 
from  this  Figure,  that  if  the  Earth 
flood  ftill,  the  motion  of  Mars ,  will  be 
always  progreffive,  (tho*  fometimes  very 
unequal;)  but  fmce  obfervations  prove 
the  contrary,  It  neceffarily  follows,  that 
the  Earth  turns  round  the  Sun. 


The  annual  periods  of  the  Planets Ab, 
round  the  Sun  are  determined  by  care-^rn^nd 
fully  obferving  the  length  of  time  Motions 
fince  their  departure  from  a  certain 
point  in  the  Heavens,  (or  from  a  fix  dhow  com* 
Stax)  until  they  arrive  to  the  fame  again. 

By 
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By  thefe  fort  of  obfervations  the  an¬ 
cients  determined  the  periodical  revo¬ 
lutions  of  the  Planets  round  the  Sun* 
and  were  fo  exadt  in  their  computations, 

‘  as  to  be  capable  of  predicting  Eclipfes 
of  the  Sun  and  Moon.  But  fince  the 
invention  of  telefcopes,  aftronomical 
obfervations  are  made  with  greater  ac¬ 
curacy;  and  of  confequence,  our  tables 
are  far  more  perfedt  than  thofe  of  the 
ancients.  And  in  order  to  be  as  exadl 
as  poffible,  aftronomers  compare  ob¬ 
fervations  made  at  a  great  diftance  of 
time  from  one  another,  including  fe- 
veral  periods;  by  which  means,  the 
error  that  might  be  in  the  whole,  is  in 
each  period  fubdivided  into  fuch  little 
parts  as  to  be  inconfiderable.  Thus  the 
mean  length  of  a  Solar  Year  is  known*, 
even  to  Seconds. 

The  Diurnal  rotation  of  the  Planets 
round  their  axis,  was  difcovered  by 
certain  fpots  which  appear  on  the  fur- 
faces.  Thefe  fpots  appear  fiift  in  the 
margin  of  the  Planet’s  disk,  (or  the 
edge  of  their  fur  faces'!  and  feem  by 
degrees  to  creep  toward  their  middle, 
and  fo  on,  going  fall  forward,  ’till  they 
come  to  the  oppofite  fide  or  edge  of 
the  disk,  where  they  fet,  or  difappear^ 
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and  after  they  have  been  hid  for  the 
fame  Ipace  of  time,  that  they  were  vi~ 
fibie,  they  again  appear  to  rife  in  or 
near  the  fame  place,  as  they  did  at  firft, 
then  to  creep  on  progreffively,  taking 
the  fame  courfe  as  they  did  before. 
Thefe  fpots  have  been  obferved  on  the 
furfaces  of  the  Sun,  Venus ,  Mars ,  and 
Jupiter ;  by  which  means  it  has  been 
found  that  thefe  bodies  turn  round  their 
own  axis,  in  the  times  before-menti¬ 
oned*  It  is  very  probable  that  Mercury 
and  Saturn  have  likewife  a  motion  round 
their  axis,  that  all  the  parts  of  their 
furface  may  alternately  enjoy  the  light 
and  heat  of  the  Sun,  and  receive  fuch 
changes  as  are  proper  and  convenient 
for  their  nature.  But  by  reafori  of 
the  nearnefs  of  $  to  the  Sun,  and  it  s 
immenfe  diftance  from  him,  no'  obfer- 
vations  have  hitherto  been  made  where¬ 
by  their  fpots  (if  they  have  any)  could 
be  difcovered,  and  therefore  their  Diur¬ 
nal  motions  could  not  be  determined. 
The  Diurnal  motion  of  the  Earth  is 
computed  from  the  apparent  revolu¬ 
tion  of  the  Heavens,  and  of  all  the  Stars 
round  it,  in  the  fpace  of  a  natural  Day* 
The  Solar  fpots  do  not  always  remain 
the  fame,  but  fometimes  old  onesvanifh, 
and  alterwards  others  fucceed  in  their 
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room  i  fometimes  fever al  fmall  ones  ga- 
thes  together  and  make  one  large  fpot3 
and  fometimes  a  large  fpot  is  feen  to  be 
divided  into  many  fmall  ones.  But,  not 
withftanding  thefe  changes,  they  all  turn 
round  with  the  Sun  in  the  fame  time. 


How  the 
relative 
diftances 
of  the 
Planets 
from  the 
Sun  are 
determi¬ 
ned. 


The  relative  diftances  of  the  Planets 
from  the  Sun,  and  likewife  from  each 
other,  are  determined  by  the  following 
methods:  Firft,  the  diftance  of  the 
two  inferior  Planets  g  and  ?  from  the 
Sun,  in  refpedt  of  the  Earth’s  diftance 
from  him,  is  had  by  obferving  their 
greateft  Elongation  from  the  Sun  as  they 
are  feen  from  the  Earth. 


5-  The  greateft  Elongation  of  Venus  is 
Mknga*  found  by  obfervation  to  be  about  48 
degrees,  which  is  the  angle  ST  ?  ; 
whence,  by  the  known  rules  of  Trigo¬ 
nometry,  the  proportion  of  S  ?  ,  the 
mean  diftance  of  Venus  from  the  Sun 
to  ST,  the  mean  diftance  of  the  Earth 
from  him  may  be  ealily  found.  After 
the  fame  manner,  in  the  right-angled 
triangle  S  T  $  ,  may  be  found  the 
diftance  S  g  of  Mercury  from  the  Sum 
And  if  the  mean  diftance  of  the  Earth 
from  the  Sun  ST  be  made  iooo,  the 
mean  diftance  of  Venus  S  $  from  the 

Sun 
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Sun  will  be  723;  and  of  Mercury  S  £ 

387:  And  if  the  Planets  moved  round 
the  Sun  in  circles,  having  him  for  their 
center,  the  diftances  here  found  would 
be  always  their  true  diftances:  But  as 
they  move  in  Ellipfes,  their  diftances 
from  the  Sun  will  be  fometimes  greater, 
and  fometimes  lefs.  Their Excentricities 
are  computed  to  be  as  follows,  viz. 

{Mercury  80 1  of  the  parts 
Venus  5  >  above-men- 
Earth  1 69  J  tioned* 

> 

The  diftances  of  the  fuperior  Planets, 
viz .  $  ,  %  j  and  t?  ,  are  found  by  com¬ 
paring  their  true  places,  as  they  are 
feen  from  the  Sun,  with  their  apparent 
places,  as  they  are  feen  from  the  Earth. 

Let  S  be  the  Sun,  the  circle  ABC  the 
Earth’s  orbit,  AG  a  line  touching  the 
Earth’s  orbit,  in  which  well  liippofe 
the  luperior  Planets  are  feen  from  the 
Earth  in  the  points  of  their  orbits  $  , 

V- ,  h  y  and  let  DEFGH  be  a  portion 
of  a  great  circle  in  the  Heavens,  at  an 
infinite  diftance:  Then  the  place  of 
Mars  feen  from  the  Sun  is  D,  which  is  f 
called  his  true,  or  Heliocentric  Place 
but  from  the  Earth,  he  will  be  feen  mGe0C£”trk: 
G,'  which  is  called  his  apparent, 

G  a  Gcg» 
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Geocentric  Place .  So  likewife  Jupiter 
and  Saturn  will  be  feen  from  the  Sun 
in  the  points  E  and  F,  their  Heliocen¬ 
tric  places;  but  a  fpeftator  from  the 
Earth  will  fee  them  in  the  point  of  the 
Heavens  G5  which  is  their  Geocentric 
place.  The  arches  DG,  EG,  FG,  the 
differences  between  the  true  and  appa¬ 
rent  places  of  the  fuperior  Planets,  arc 
called  the  Parallaxes  of  the  Earth's  an¬ 
nual  Orb,  as  feen  from  thele  Planets. 
If  thro’  the  Sun  we  draw  SH  parallel  to 
AG,  the  angles  A  s  S,  A  V-  S,  A  t?  S, 
will  be  refpe&ively  equal  to  the  angles 
D  S  H,  E  S  H,  and  F  S  H;  and  the 
angle  A  G  S  is  equal  to  the  angle 
GSH,  whofe  meafure  is  the  arch  GH; 
which  therefore  will  be  the  meafure  of 
the  angle  AGS,  the  angle  under  which 
the  femidiameter  A  S  of  the  Earth’s 
orbit,  is  feen  from  the  Starry  Heavens. 
But  this  femidiameter  is  nothing  in  re- 
fpect  of  the  immenfe  diftance  of  the 
Heavens  or  Fixed  Stars;  for  from  thence 
it  wouid  appear  under  no  fenfible  an¬ 
gle,  but  look  like  a  point.  And  there¬ 
fore  in  the  Heavens,  the  angle  GSH, 
or  the  arch  G  H  vanifhes;  and  the 
Points  G  and  H  coincide;  and  the 
arches  D  H,  EH,  F H,  may  be  con- 
fidered  as  being  of  the  lame  bignefs 

with 
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with  the  arches  D  G,  EG,  and  F  G, 
which  are  the  meafures  of  the  angles 
A  o'  Sy  A  u  S,  A  t?  S  ;  which  angles 
are  nearly  the  greateft  elongation  of 
the  Earth  from  the  Sun,  if  the  Earth 
fee  obferved  from  the  refpedtive  Planets, 
when  the  line  G  h  n  $  A,  touches  the 
Earth’s  orbit  in  A.  The  nearer  any  of 
the  fuperior  Planets  is  to  the  Sun,  the 
greater  is  the  Parallax  of  the  annual 
Orb,  or  the  angle  under  which  the 
femidiameter  of  the  Earth’s  orbit  is 
feen  from  that  Planet.  In  Mars  the 
angle  $  S,  (which  is  the  vilihle  enlcn- 
gation  of  the  Earth  feen  from  Mars ,  or 
the  Parallax  of  the  annual  Orb  feen 
from  that  Planet)  is  about  42  degrees, 
and  therefore  the  Earth  is  always  to  the 
inhabitants  of  Mars  either  their  Morn¬ 
ing  or  Evening  Star,  and  is  never  feen 
by  them  fo  far  diftant  from  the  Sun  as  we 
fee  Venus .  The  greateft  elongation  of 
the  Earth  feen  from  Jupiter ,  being  near¬ 
ly  equal  to  the  angle  A  n  S,  is  about  1 1 
degrees.  In  Saturn  the  angle  A  h  S  is 
but  6  degrees,  which  is  not  much  above 
4  part  of  the  greateft  elongation  we  ob¬ 
serve  in  Mercury .  And  fince  Mercury  is 
fo  rarely  feen  by  us,  probably  the  afire- 
nomers  of  Saturn  (except  they  have  bet¬ 
ters  Optics  than  we  have)  have  not  yet 
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difcovered  that  there  is  fuch  a  body  as 
our  Earth  in  the  Univerfe. 

The  Parallax  of  the  annual  Orb,  or 
the  greateft  elongation  of  the  Earth's 
orbit  feen  from  any  of  the  fuperior  Pla¬ 
nets,  being  given ;  the  diftance  of  that 
Planet  from  the  Sun,  in  refpeft  of  the 
Earth's  diftance  from  him,  may  be 
found  by  the  fame  methods  as  the  dift- 
ances  of  the  inferior  Planets  were.  Thus, 
to  find  the  diftance  of  Mars  from  the 
Sun,  it  will  be  as  the  Sine  of  the  angle 
S  $  A  is  to  the  Radius ,  fo  is  the  diftance 
AS  (the  diftance  of  the  Earth  from  the 
Sun)  to  S  <?  ,  the  diftance  from  the  Sun 
to  Mars .  After  the  fame  manner  the 
diftances  of  Jupiter  and  Saturn  are  alfo 
found.  The  mean  diftance  of  the  Earth 

j 

from  the  Sun  being  made  1000,  the 
mean  diftances  of  the  fuperior  Planets 
from  the  Sun  are,  viz.  the  mean  diftance 
from  the  Sun  of 

y*  ’  v  w- v  v 
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if  5201 V  and  the  Excentricitys  250 

*  953s ^  ”  C547 

To  which,  if  you  add  or  fubtradf  their 
piean  diftances,  we  fhall  have  the,great- 
eft  or  leaft  diftances  of  thofe  Planets 
from  the  Sun, 

. .  There 
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There  are  other  methods  by  which 
the  relative  diftances  of  the  Planets  might 

be  found;  but  that  which  hath  been 
here  illuftrated,  is  fufficient  to  evince 
the  certainty  of  that  Problem. 

Hitherto  we  have  only  confidered  the  How  tke 
diftances  of  the  Planets  in  relation  to^(°‘uce 

.  .  .  ...  alliances 

one  another,  without  determining  them  of  the  pia- 
by  any  known  mealure;  but  in  order  tonets  trom 
find  their  abfolute  diftances  in  fomede-lre  com** 
terminate  meafure,  theie  mu  ft  be  fome-putcd* 
thing  given,  whofe  meafure  is  known. 

Now  the  circumference  of  the  Earth  is 
divided  into  360  degrees,  and  each  of 
thefe  degrees  into  60  Geographical 
miles,  fo  that  the  whole  circumference 
contains  21600;  and  by  the  known  pro¬ 
portion  for  finding  the  diameter  of  a  cir¬ 
cle  from  its  circumference,  the  Earth’s 
diameter  will  be  found  to  be  6872 
miles,  and  its  femidiameter  3436  miles. 

The  Parallax  of  the  Earth’s  femidia- Parallax 
meter,  or  the  angle  under  which  it  isofthcs 
feen  from  a  certain  Planet,  may  be  found 
by  comparing  the  true  place  of  the 
net,  as  it  would  be  feen  from  the  center 
of  the  Earth  (which  is  known  by  com¬ 
putation)  with  its  apparent  place,  as  it 
is  feen  from  fome  point  on  the  Earth’s 
furface.  Let  CZA  be  the  Earth,  ZC  its%-  y 
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femidiameter,  ®  fome  Planet,  and  BHT 
arch  of  a  great  circle  in  the  Heavens, 
at  an  infinite  diftance.  Now  the  Pla¬ 
net  ®  will  appear  from  the  Earth's  cen^ 
ter  C,  in  the  point  of  the  Heavens  H> 
but  a  fpedtator  from  the  point  Z  upon 
the  Earth's  furface,  will  fee  the  fame 
objeft®  in  the  point  of  the  Heavens  B$ 
and  the  arch  BH  the  difference,  is  e- 
qual  to  the  angle  B  ®  H=Z  ®  C,  the 
Parallax ;  which  being  known,  the  fide 

C  ®  the  diftance  of  the  Planet  from  the 

$ 

center  of  the  Earth,  at  that  time,  may 
be  eafily  found.  Now  if  this  diftance 
of  the  Planet  from  the  Earth  be  "deter¬ 
mined,  when  the  centers  of  the  Sun,  the 
laid  Planet,  and  of  the  Earth,  are  in  the 
fame  right  line,  we  have  the  abfolute 
diftance  of  the  Planet's  orbit  from  the 


Earth's  in  known  meafure;  then  it  will 
be,  as  the  relative  diftance  betwixt  the 
Earth  s  orbit  and  that  of  the  Planet  is 
to  the  relative  diftance  of  the  faid  Planet 

\  ■  ‘  t.  \ 

from  the  Sun;  fo  is  the  diftance  of  the 
Planet's  orbit  from  the  Earth’s  in  known 
meafure  to  the  diftance  of  the  faid  Pla¬ 
net  from  the  Sun  in  the  fame  meafure: 
Which  being  known,  the  diftance  of 
all  the  other  Planets  from  the  Sun  may 
be  found.  For  it  will  be,  as  the  relative 
pittance  of  any  Planet  from  the  Sun,  is 
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to  its  diftance  from  him  in  a  known 
meafure;  fo  is  the  relative  diftance  of 
any  other  Planet  from  him  to  its  dift¬ 
ance  in  the  fame  meafure.  This  may 
be  done  by  finding  the  diftance  of  the 
Planet  Mars,  when  he  is  in  oppofition 
to  the  Sun,  after  the  fame  manner  as 
we  find  the  diftance  of  a  tree,  or  the 
like,  by  two  ftations. 

Let  &  be  Mars ,  D  the  point  on  the 
Earth’s  fuperficics,  where  Mars  is  verti¬ 
cal  when  he  is  in  oppofition  to  the  Sun, 
which  may  be  found  exaflly  enough  by 
calculation,  at  which  time  let  an  ob- 
ferver,  at  the  point  Z  (whofe  fituation 
from  D  muft  be  known)  take  the  alti¬ 
tude  of  Mars ,  whofe  complement  will 
be  the  angle  ZR;  then  in  the  trian¬ 
gle  $  ZC  will  be  given  the  angle  Z  $  C, 
the  angle  C  (whole  meafure  is  the  arch 
DZ)  and  confequently  the  angle  Z  $  C 
the  Parallax,  and  alfo  the  fide  Z  C  the 
femidiameter  of  the  Earth;  by  which  we 
may  find  C  $  the  diftance  oiMars  from 
the  Earth.  The  extreme  nicety  requi¬ 
red  in  this  obfervation,  makes  it  very 
difficult  to  determine  the  exaft  diftances 
of  the  Planets  from  the  Sun;  but  the 
celebrated  Dr.  Halley  has,  in  the  Philo¬ 
sophical  Transitions,  ftiewed  us  a  more 
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certain  method  for  finding  the  diftances 
of  the  Planets;  which  is  by  obferving 
the  Tranfit  of  Venus  over  the  Sun* 

How  the  The  eye  judgeth  of  the  magnitudes 
Magm-  of  far  dlftant  objects*  according  to  the 
Hz  puf  quantities  of  the  angles  under  which 
nets  are  they  are  feen  (which  are  called  their  ap- 
“  parent  magnitudes;)  and  thefe  angles 
appear  greater  or  lefs  in  a  certain  pro¬ 
portion  to  their  diftances.  Wherefore 
the  diftances  of  the  Planets  from  the 
Earth,  and  their  apparent  diameters 
being  given,  their  true  diameters  (and 
from  thence  their  magnitudes)  may  be 
found.  How  the  diftances  of  the  Planets 
may  be  found  has  been  already  fhewn; 
their  apparent  diameters  are  found  by  a 
telefcope,  having  a  machine  fix'd  to  it 
for  meafuring  of  angles,  called  a  Mi- 
tfrg.  8.  cromeier.  Let  BD,  or  the  angle  BAD 
be  the  apparent  diameter  of  any  Planet, 
and  AB,  or  AD,  (which  by  reafon  of  the 
great  diftance  of  the  Planets  in  refpeft 
of  their  magnitudes)  may  be  confidered 
as  being  the  diftance  of  the  faid  Planet 
from  the  obferver.  Now  in  the  trian¬ 
gle  ABD,  having  the  Tides  AB,  AD, 
given,  and  the  angle,  A,  we  have  alfo 
the  other  angles  B  and  D,  (becaufe  the 
Side  AB,  AD,  are  equal)  whence  the 

fide 
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fide  BD  the  diameter  of  the  Planet  may 
be  eafily  found  by  Trigonometry. 

From  hence  it  appears,  that  the  fame 
body  at  different  diftances,  will  feem  to 
have  very  different  magnitudes*  Thus 
the  diameter  BD  will  appear  from  the 
point  E,  to  be  twice  as  large  as  from  the 
point  A.  It  alfo  follows,  that  a  fin  all 
body,  when  at  no  great  diftance  from  us* 
may  appear  to  be  equal,  or  even  to  ex¬ 
ceed  another  at  a  great  diftance,  tho* 
immenfely  bigger.  Thus  hd  appears 
under  the  fame  angle,  and  confequent- 
ly  of  the  fame  bignefs  from  the  point  A, 
that  the  line  BD  doth,  tho*  one  vaftly 
exceeds  the  other.  And  this  is  the  rea^Why  the 
fon,  why  the  Moon,  which  is  much  lefs^^^ 
than  any  of  the  Planets,  appears  to  usger  than 
vaftly  bigger  than  either  of  them,  and^ of  tJlcr 
even  to  equal  the  Sun  himfelf,  which  is  aae£^ 
many  thoufand  times  greater  in  mag¬ 
nitude. 

The  diftances  of  the  Planets,  and 
periods  round  the  Sun,  their  diameters 
and  velocities  round  their  own  axis* 
according  to  modern  computations,  are 
as  folllows  : 


Saturn 
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The  caule  of  Eclipfes  and  Phafes  of 
the  Moon,  and  feme  other  phenome¬ 
na  not  here  explained,  fhall  be  fliewed 
when  we  come  to  give  a  Defcription  of 
the  Orrery, 


Befides 


29 


Sedt.  i.  OJ  the  Solar  System. 

Befides  the  Planets  already  mention¬ 
ed,  there  are  other  great  bodies  that 
fometimes  vifit  our  fyftem,  which  are 
a  fort  of  temporary  Planets;  for  they 
come  and  abide  with  us  for  a  while* 
and  afterwards  withdraw  from  us,  for  a 
certain  fpace  of  time,  after  which  they 
again  return.  Thefe  wandering  bodies 
are  called  Comets . 

The  motion  of  Comets  in  the  Hea-Ofcw^ 
vens,  according  to  the  belt  obfervations 
hitherto  made,  feem  to  be  regulated  by 
the  fame  immutable  law  that  rules  the 
Planets;  for  their  orbits  are  elliptical, 
like  thole  of  the  Planets,  but  vaftly  nar¬ 
rower,  or  more  excentric.  Yet  they 
have  not  all  the  fame  direction  with 
the  Planets,  who  move  from  Weft  to 
Eaft,  for  feme  of  the  Comets  move  from 
Eaft  to  Weft;  and  their  orbits  have 
different  inclinations  to  the  Earth's  or¬ 
bit;  fome  inclining  Northwardly,  others 
Southwardly,  much  more  than  any  of 
the  Planetary  orbits  do. 

Altho*  both  the  Comets  and  the  Pla¬ 
nets  move  in  elliptic  orbits,  yet  their 
motions  leem  to  be  vaftlv  different:  For 

j 

the  excentncities  of  the  Planet's  orbits 
are  fo  lmall,  that  they  differ  but  little 
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from  circles;  but  the  excentricities  of 
the  Comets  are  fo  very  great,  that  the 
'  motions  of  feme  of  them  feem  to  be  ai~ 
moft  in  right  lines,  tending  directly  to^ 
wards  the  Sun, 

Now,  fince  the  orbits  of  the  Comets 
are  fo  extremely  excentric,  their  moti¬ 
ons,  when  they  are  in  their  Perihelia ,  or 
neareft  diftance  from  the  Sun,  muft  be 
much  fwifter  than  when  they  are  in 
their  Aphelia ,  or  fartheft  diftance  from 
him;  which  is  the  reafon  why  the  Co¬ 
mets  make  fo  ftiort  a  ftay  in  our  fyf* 
tern;  and  when  they  difappear,  are  fo 
long  in  returning. 

The  figures  of  the  Comets  are  ob¬ 
served  to  be  very  different;  fome  of  them 
fend  forth  fmall  beams,  like  hair,  every 
way  round  them;  others  are  feen  with 
a  long  fiery  tail,  which  is  always  oppo¬ 
site  to  the  Sun.  Their  magnitudes  are 
alfo  very  different,  but  in  what  propor¬ 
tion  they  exceed  each  other,  it  is  as  yet 
uncertain.  Nor  is  it  probable,  that  their 
numbers  are  yet  known,  for  they  have 
not  been  obferved  with  due  care,  nor 
their  theories  difcovered,  but  of  latq 
years.  The  ancients  were  divided  in 
their  opinions  concerning  them;  fome 
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imagined  that  they  were  only  a  kind  of 
Meteors  kindled  in  our  atmofphere,  and 
were  there  again  diffipated;  others  took 
them  to  be  feme  ominous  prodigies : 

But  modern  difeoveries  prove,  that  they 
are  Worlds  fubjedt  to  the  fame  laws  of 
motion  as  the  Planets  are  5  and  they 
xnuft  be  very  hard  and  durable  bodies* 
elfe  they  could  not  bear  the  vaft  heat 
that  fome  of  them,  when  they  are  in 
their  Perihelia ,  receive  from  the  Sun^ 
without  being  utterly  confumed.  The 
great  Comet  which  appeared  in  the  year 
1680,  was  within  4  part  of  the  Sun's 
diameter  from  his  fur  face;  and  there-* 
fore  its  heat  mull  be  prodigioufly  in- 
tenfe  beyond  imagination.  And  when 
it  is  at  its  greateft  diftance  from  the 
Sun,  the  cold  mufl  be  as  rigid. 
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SEC  T.  II. 

Of  the  Fixed  Stars. 

THE  fixed  Stars  are  thofe  bright 
and  fliining  bodies,  which  in  a 
clear  night  appear  to  us  every  where 
difperled  through  the  boundlefs  regions 
of  {pace.  They  are  term'd  fix'd,  becaufe 
they  are  found  to  keep  the  fame  immut¬ 
able  diftance  one  from  another  in  all 
,  ages,  without  having  any  of  thermo- 
The  fixed tions  obferved  in  the  Planets.  The 
fmmenreatfixed  Stars  are  all  placed  at  fuch  im- 
diftance  menfe  diftances  from  us,  that  the  beft 
from  us.  0£  telefcopes  reprefent  them  no  bigger 
than  points,  without  having  any  appa¬ 
rent  diameters. 

The  fixed  It  is  evident  from  hence,  that  all  the 
Stars  are  Stars  are  luminous  bodies,  and  fhine 
bodies°US  with  their  own  proper  and  native  light, 
like  the  elfe  they  could  not  be  feen  at  fuch  a 
Sun.  great  diftance.  For  the  Satellites  of 
Jupiter  and  Saturn ,  tho'  they  appear 
under  confiderable  angles  through  good 

tele- 


$e<5h  2.  Of  the  Fixed  Stars, 

telefcopes,  yet  aie  altogether  invifible  to 
the  naked  eye. 


Although  the  diftance  betwixt  us  The  dif- 
and  the  Sun  is  vaftly  large,  when  com-  tancefrom 
pared  to  the  diameter  of  the  Earth,  yetg^F^ 
it  is  nothing  when  compared  with  thething  in 
prodigious  diftance  of  the  fixed  Stars  ;*PmP*ri’ 
for  the  whole  diameter  of  the  Earth’s y™  air.  ° 


annual  orbit,  appears  from  the  nearefttance 
fixed  Star  no  bigger  than  a  point,  and^rfxe 
the  fixed  Stars  are  at  leaft  100,000 
times  farther  from  us  than  we  are  from 
the  Sun;  as  may  be  demonftrated  from 
the  obfervation  of  thofe  who  have  en¬ 
deavoured  to  find  the  Parallax  of  the 
Earth’s  annual  Orb,  or  the  angle  un-> 
der  v/hich  the  Earth’s  orbit  appears 
from  the  fixed  Stars. 


Hence  it  follows,  that  tho’  we  ap-As  to  up* 
proach  nearer  to  fome  fixed  Stars  at§^g"rct^’ 
one  time  of  the  year  than  we  do  at  themay  be 
oppofite,  and  that  by  the  whole  length™^der’d 
of  the  diameter  of  the  Earth’s  orbit  ;tbe  center 
yet  this  diftance  being  fo  final  1  in  com  of  the 
parifon  with  the  diftance  of  the  fixed  Hcavens* 
Stars,  their  magnitudes  or  pofitions  can- 
not  thereby  be  fen  fib!  y  altered;  there¬ 
fore  we  may  always,  without  error,  fup- 
po(e  ourfelves  to  be  in  the  fame  center 
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of  the  Heavens,  fince  we  always  have 
the  fame  vifible  profped:  of  the  Stars 
without  any  alteration. 


If  a  fpeftator  was  placed  as  near  to 
any  fixed  Star,  as  we  are  to  the  Sun,  he 
would  there  obferve  a  body  as  big,  and  • 
every  way  like,  as  the  Sun  appears  to 

The  fixe  1US:  arK^  °Ur  ^Un  W0U^  aPPear  to  him 
sta^sare  no  bigger  than  a  fixed  Star:  and  un- 

Suns.  doubtedly  he  would  reckon  the  Sun  as 
one  of  them  in  numbering  the  Stars. 
Wherefore  fince  the  Sun  differeth  no¬ 
thing  from  a  fixed  Star,  the  fixed  Stars 
may  be  reckoned  fo  many  Suns. 


It  is  not  reafonable  to  fuppofe  that 
all  the  fixed  Stars  are  placed  at  the  fame 
The  fixed' diftance  from  us;  but  it  is  more  pro- 
Stars  are  bable  that  they  are  every  where  inter- 
j^vail  fperfed  thro'  the  vaft  indefinite  fpace  of 
fromeachthe  univerfe';  and  that  there  may  be  as 
other,  great  a  diftance  betwixt  any  two  of 
them,  as  there  is  betwixt  our  Sun  and  the 
neareft  fixed  Star.  Hence  it  follows, 
why  they  appear  to  us  of  different  mag¬ 
nitudes,  not  becaufe  they  really  are  fo, 
but  becaufe  they  are  at  different  diftan- 
ces  from  us;  thofe  that  are  neareft  ex¬ 
celling  in  brightnefs  and  luftre  thofe 
that  are  mole  remote,  who  give  a  faint- 
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er  light,  and  appear  fmaller  to  the 


eve. 


The  aftronomers  diftribufe  the  Stars  The  dif- 
into  feveral  orders  or  clafles ;  thofe  thattribution 
are  neareft  to  us,  and  appear  brighteftg^^ 
to  the  eye,  are  called  Stars  of  the  firft  6  dalles, 
magnitude;  thofe  that  are  neareft  to 
them  in  brightnefs  and  luftre,  are  cal¬ 
led  Stars  of  the  fecond  magnitude;  thofe 
of  the  third  clafs,  are  ftiled  Stars  of  the 
third  magnitude;  and  fo  on,  until  we 
come  to  the  Stars  of  the  fixth  magni¬ 
tude,  which  are  the  fmalleft  that  can  be 
difcerned  by  the  naked  eye.  There  are 
infinite  numbers  of  fmaller  Stars,  that 
can  be  feen  through  telefcopes;  but  thefe 
are  not  reduced  to  any  of  the  fix  orders, 
and  are  only  called  cTelefcopical  Stars . 

It  may  be  here  obferved,  that  tho’  the  Of  Teh* 
aftronomers  have  reduced  all  the  Stars^*™* 
that  are  vifible  to  the  naked  eye,  into 
fome  one  or  other  of  thefe  clafles,  yet 
we  are  not  to  conclude  from  thence 

that  all  the  Stars  anfwer  exadtlv  to  fome 

*  .  «/ 

or  other  of  thefe  orders;  but  there  may 
be  in  reality  as  many  orders  of  the 
Stars,  as  they  are  in  number,  few  of 
them  appearing  exa£tly  of  the  fame 
bignefs  and  luftre. 
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The  ancient  aftronomers,  that  they 
might  diftinguifli  the  Stars,  in  regard  to 
their  fituation  and  polition  to  each  o- 
ther,  divided  the  whole  ftarry  firma¬ 
ment  into  feveral  After  if  ms,  or  fyftems  of 
Stais,  confiding  of  thofe  that  are  near 
to  one  another.  Thele  Afterifms  are 
The  Stars  called  Gonfteliations,  and  are  digefted  into 
*****  the  forms  of  feme  animals ;  as  Men, 
filiations  Lyons,  Bears,  Serpents,  &c.  or  to  the 
images  of  fome  known  things;  as,  of  a 
Crown,  a  Harp,  a  Triangle,  &c. 

The  ftarry  firmament  was  divided  by 
the  ancients  into  48  images,  or  con- 
fteliations;  twelve  of  which  they  placed 
in  that  part  of  the  Heavens  wherein 
are  the  planes  of  the  Planetary  orbits; 
Zodiac »  which  part  is  called  the  Zodiac ,  becaufe 
moft  of  the  conftellations  placed  therein 
referable  fome  living  creature.  The  two 
regions  of  the  Heavens  that  are  on  each 
fide  of  the  Zodiac ,  are  called  the  North 
and  South  parts  of  the  Heavens. 

Conftel*  The  conftellations  within  the  Zodiac 
!afv3  are>  1  ziries ,  the  Ram’,  2.  Taurus,  the 
Zodiac ^ Bull*,  3  Gemini,  the  Twins*,  4.  Can- 
cer,  the  Grab',  5.  Leo,  the  Lion',  6. 
Virgo ,  the  Virgin',  7,  Libra,  the  Ba¬ 
lance*,  8.  Scorpio ,  the  Scorpion',  9.  Sa- 
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gitt arias,  the  Archery  to.  Capri  cornusy 
the  GWr ;  11.  Aquarius ,  the  Water - 
Bearer  y  and,  12.  Pijces ,  the  Fifoes. 

The  conftellations  on  the  North  fideNorthem 
of  the  Zodiac  are  Twenty-one,  W2i.tc^9ella“ 
the  Little  Bear y  the  Great  Be  ary  the 
Dragon  y  Cepheusy  a  king  of  Ethiopia y 
Bootes ,  the  keeper  of  the  the 

Northern  Crown y  Hercules  with  his  Club2 
watching  the  Dragon y  the  Harpy  the 
Swany  CaJJiopeiay  Perfusy  Andromeda  y 
the  Dr i angle  y  Auriga  y  Pegafusy  or  the 
Flying  Horfey  Equuleus y  the  Dolphin y 
the  Arrowy  the  Eagle y  Serpentariusy 
and  the  Serpent . 

The  conftellations  noted  by  the  an-Southem 
eients  on  the  South  fide  of  the  Zodiac,™*^*" 
were  fifteen,  viz.  the  Whaley  the  fi¬ 
re  r  Eridanusy  the  Hare y  Orion  y  the 
Great  Dog  *,  Little  Dog  y  the  Ship  Ar~ 
go;  Hydray  the  Centaury  the  Clip y  the 
Crowy  the  Wolfy  the  Alt  ary  the  South¬ 
ern  Crown y  and  the  Southern  Fife.  To 
thefe  have  been  lately  added  the  follow¬ 
ing,  viz.  The  Phoenix  y  the  Crane  y 
the  Peacock y  the  Indian  y  the  Bird  of 
Paradife  y  the  Southern  ‘ Triangle  y  the 
Fly  y  Cameleony  the  Flying  Ftfy  Toucan , 
or  the  American  Goofc  y  the  Water  Ser- 
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pent,  and  the  Sword  Fijh .  The  an-* 
dents  placed  thofe  particular  conftella- 
tions  or  figures  in  the  Heavens,  either 
to  commemorate  the  deeds  of  fome 
great  man,  or  fome  notable  exploit 
or  adtion ;  or  elfe  took  them  from  the 
fables  of  their  religion,  &c.  And  the 
modern  aflronomers  do  fiill  retain 
them,  to  avoid  the  confufion  that  would 
arile  by  making  new  ones,  when  they 
compare  the  modern  obfervations  with 
the  old  ones. 


Some  of  the  principal  Stars  have  par¬ 
ticular  names  given  them,  as  Syrius, 
Ardturus ,  &c-  There  are  alio  leveral 
Stars  that  are  not  reduced  into  conftel- 


lations,  and  thefe  are  called  Unformed 
Stars . 


The  Ga¬ 
laxy,  or 
Milky 
tV ay. 


Befides  the  Stars  viilble  to  the  naked 
eye,  there  is  a  very  remarkable  fpace 
in  the  Heavens,  called  the  Galaxy ,  or 
Milky  Way .  This  is  a  broad  circle  of  a 
whitifh  hue,  like  milk,  going  quite 
round  the  whole  Heavens,  and  confid¬ 
ing  of  an  infinite  number  of  fmall  Stars, 
yifible  thro’  a  telefcope,  tho’  not  difcern- 
able  by  the  naked  eye,  by  reafon  of  their 
exceeding  faintnefs;  yet  with  their  light 
they  combine  to  illuftrate  that  part  of 
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the  Heavens  where  they  are,  and  to 
caufe  that  fhining  whitenefs. 

The  places  of  the  fixed  Stars,  or  their 
relative  fituations  one  from  another, 
have  been  carefully  obferved  by  aftro* 
nomers,  and  digefted  into  catalogues. 
The  firfl:  among  the  Greeks ,  who  redu¬ 
ced  the  Stars  into  a  catalogue,  was  Hyp- 
par  chus ,  who,  from  his  own  obfervati- 
ons,  and  of  thofe  who  lived  before  him, 
inferted  1022  Stars  into  his  catalogue, 
about  120  years  before  the  Chriftian 
/Era:  This  catalogue  has  been  fince  en¬ 
larged  and  improved  by  feveral  learned 
men,  to  the  number  of  3000,  of  which 
there  are  a  great  many  telefcopical,  and 
not  to  be  difcerned  by  the  naked  eye  ; 
and  thefe  are  all  ranked  in  the  catalogue 
as  the  Stars  of  the  feventh  magnitude. 

It  may  feem  ftrange  to  fome,  that 
there  are  no  more  than  this  number  of 
Stars  vifibleto  the  naked  eye;  for  fome™ 
times  in  a  clear  night  they  feem  to  be 
innumerable:  but  this  is  only  a  decep¬ 
tion  of  our  fight,  arifing  from  their  ve¬ 
hement  fparkling,  while  we  look  upon 
them  confufedly,  without  reducing  them 
into  any  order;  for  there  can  feldom 
be  feen  above  1000  Stars  in  the  whole 
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Heavens  with  the  naked  eye  at  the  fame 
time 3  and  if  we  fliould  diftindtiy  view 
them,  we  fhall  not  find  many  but  what 
are  inferted  upon  a  good  Celeftial  Globe* 

Altho’  the  number  of  Stars  that  can 
be  difcerned  by  the  naked  eye  are  fo 
few,  yet  it  is  probable  there  are  many 
more  which  are  beyond  the  reach  of  our 
optics,  for  through  teleicopes  they  ap¬ 
pear  in  vaft  multitudes,  every  where 
difperfed  throughout  the  whole  Hea¬ 
ven;  and  the  better  our  glafles  are,  the 
more  of  them  we  ftill  difcover.  The  in¬ 
genious  Dr.^  Hook  has  obferved  78  Stars 
in  the  Pleiades ,  of  which  the  naked  eye 
is  never  able  to  difcern  above  7;  and  in 
Orion ,  which  has  but  80  Stars  in  the 
Britijh  catalogue  (and  jo  me  of  them, 
telefcopical)  there  has  been  numbered 
2000  Stars. 


-  . ,  Thofe  who  think  that  all  thefe  glo- 
pf  the  u.nous  bodies  were  created  ror  no  other 
Tf^erie.  purpofe  than  to  give  us  a  little  dim 
light,  muft  entertain  a  very  flender  idea 
of  the  Divine  Wifdom ;  for  we  receive 
more  light  from  the  Moon  itfelf,  than 
from  all  the  Stars  put  together  And 
llnce  the  J  *i.  -  me  fir  iect  to  the  fame 

laws  of  motion  wuh  our  Earth }  and  feme 
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of  them  not  only  equal,  but  vaftly  ex¬ 
ceed  it  in  magnitude,  it  is  not  unreafon- 
able  to  fuppofe,  that  they  areall  habitable 
Worlds.  And  fince  the  Fixed  Stars  are 
no  ways  behind  our  Sun ,  either  in  big- 
nefs  or  luftre,  is  it  not  probable,  that 
each  of  them  have  a  f/ftem  of  Planet - 
ary  Wends  turning  round  them,  as  we 
do  round  our  Sun?  And  if  we  afeend 
as  far  as  the  fm  all  eft  Star  we  can  fee* 
(hall  we  not  then  difeover  innumerable 
more  of  thefe  glorious  bodies,  which 
now  are  altogether  invilible  to  us?  And 
fo  ad  infinitum ,  thro5  the  boundlefs  Ipace 
of  the  univerfe.  What  a  magnificient 
idea  muft  this  raife  in  us  of  the  Divine 
Being!  Who  is  every  where,  and  at  all 
times  prefent,  difplaying  his  Divine 
Power,  Wifdom  and  Goodnefs,  amongft 
all  his  Creatures! 


The 
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The  DESCRIPTION  *#<* 
USE  of  the  Celestial<«^ 
Terrestrial  Globes. 

GUbe  or  $£]§yO&  G/0$£  or  Sphere  is  a  round  folid 
^  ^  body,  having  every  part  of  its 
furface  equally  diftant  from  a 
point  within  it,  called  its  Cen¬ 
ter -y  and  it  may  be  conceived  to  be  form¬ 
ed  by  the  revolution  of  a  femicircle 
round  its  diameter. 

Any  circle  paffing  through  the  cen¬ 
ter  of  the  fphere,  thereby  dividing  into 

Great  dr* two  e(lual  parts  or  fegments,  is  called 
de.  a  Great  Circle ;  and  the  fegments  of 
Hmi-  the  Sphere  fo  divided,  are  called  Hemi¬ 
spheres,  Jpheres. 

Every  great  circle  has  its  Poles  and 
Axis. 


Poles,  The  Poles  of  a  great  circle  are  two 
points  on  the  furface  of  the  fphere,  di¬ 
ametrically  oppoiite  to  one  another, 
'  and 
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and  every  where  equally  diftant  from  the 
faid  circle. 

The  Axis  of  a  circle  is  a  right  line Axu 
paffing  through  the  center  of  the  fphere, 
and  through  the  Poles  of  the  faid  cir¬ 
cle,  and  is  therefore  perpendicular  to 
the  Plane:  Therefore 

All  circles  palling  through  the  Poles 
of  any  great  circle,  interfedl  it  in  two 
places  diametrically  oppofite,  and  alfo 
at  right  angles  ;  and  with  refpedt  to  the 
faid  great  circle,  they  may  be  called  its^ d 
Secondaries .  w, 

All  circles  dividing  the  fphere  into 
two  unequal  parts,  are  called  iejfer  or  pa-1**™11/ 
rallel  Circles,  and  areufually  denomina-  cirfiL 
ted  by  that  great  circle  to  which  they 
are  parallel. 

The  Earth  being  globular,  its  out¬ 
ward  parts,  as  the  feveral  Countries ,  Seasy 
&c.  are  beft,  and  moft  naturally  repre- 
fented  upon  the  liirfaces  of  a  Globe;  and 
when  fuch  a  body  has  the  outward  parts 
of  the  Earth  and  Sea  delineated  upon  its 
furface,  and  placed  in  their  natural  order 
and  fituation,  it  is  called  a  Terr ef  rial Temfirial 
Globe .  Gkbu 
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The  Celeftial  Bodies  appear  to  us  as 
if  they  were  all  pi  ced  »n  the  lame  con¬ 
cave  fphere,  therefore  aftronomers  place 
the  Stars  according  to  their  refpechve 
fituations  and  magnitudes,  and  alio 
the  images  of  the  conftellations,  upon 
the  external  furface  of  a  Globe,  for 
it  anfvvers  the  fame  purpofes  as  if  they 
were  placed  within  a  concave  fphere* 
if  we  fuppofe  the  Globe  to  be  tranipa- 
rent,  and  the  eye  placed  in  the  cen¬ 
ter.  A  Globe  having  the  Stars  placed 
upon  its  furface,  as  above  deferibed,  is 
Cdefia!  called  a  Celeftial  Globe .  Thefe  Globes 
GMe*  are  p]aced  in  frames,  with  other 
appurtenances,  as  fhal!  be  deferibed  in 
a  proper  place. 

The  prin-  The  principal  ufes  of  the  Globes 
dpai  ofe  (befides  their  ferving  as  Maps ,  to  dif- 
raobes  tinguifh  the  outward  parts  of  the  Earth, 
and  the  fituations  of  the  fixed  Stars) 
is  to  explain  and  refolve  the  phenome¬ 
na  arifing  from  the  diurnal  motion  of 
the  Earth  round  its  Axis. 

It  has  been  fhewed  in  the  Introduc¬ 
tion,  that  the  diftance  of  the  Earth 
from  the  Sun,  is  no  more  than  a  point, 
when  compared  with  the  immenfe  dif¬ 
tance  of  the  fixed  Stars;  therefore  let 

the 
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the  Earth  be  In  what  point  foever  of  There 
her  orbit,  there  will  be  the  fame  prof-^1^^ 
pe£t  of  the  Heavens,  as  a  fpe<ftatorprofPeaof 
would  obferve  did  he  refide  in  the  Sun: the  fixed 
And  if  feveral  circles  be  imagined  to^stP^e“ 
pals  thro’  the  center  of  the  Earth,  andfpeaator 
others,  parallel  to  them,  be  conceived  to^e  P^ced 
pafs  thro’  the  center  of  the  Sun,  thefe  Earth,  or 

circles  in  the  Heavens  will  feem  to  coin-*ntheSun* 

- 

cide,  and  to  pafs  exa&ly  thro’  the  fame 
Stars.  Wherefore  as  to  the  appear¬ 
ances  of  the  fixed  Stars,  it  is  indifferent 
whether  the  Earth  or  the  Sun  be  made 
the  center  of  the  Univerfe.  But  becaufe 
it  is  from  the  Earth  that  we  always  ob¬ 
ferve  the  celeftial  bodies,  and  their  ap¬ 
parent  motions  feem  to  us  to  be  really 
made  in  the  Heavens,  it  is  more  natural 
in  explaining  the  pnaenomena  arifng 
from  thefe  motions,  to  place  the  Earth 
in  the  center.  And  again,  becaufe  the 
femidiameter  of  the  Earth,  when  com¬ 
pared  to  her  diftance  from  the  Sun,  is 
of  no  fenlible  magnitude,  any  point,  up¬ 
on  the  Earth’s  furface,  let  her  be  in 
what  part  foever  of  the  orbit,  may  be 
confidered  as  being  the  center  of  the 
Univerfe.  Upon  thefe  principles,  the 
different  phenomena  arifmg  from  the 
diurnal  motion  of  the  Earth,  and  the 

dif- 
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different  fituation  of  a  fpe&ator  upon 
its  furface,  are  very  naturally  illuftrated 
and  explained  by  the  Globes. 

As  to  the  alterations  of  feafons,  &€i 
arifing  from  the  annual  motion  of  the 
Earth  round  the  Sun,  it  is  indifferent 
which  we  fuppofe  to  move,  the  Earth 
or  the  Sun,  for  in  both  cafes  the  effeft 
will  be  the  fame.  Wherefore  becaufe 
it  is  the  Sun  that  appears  to  us  to  move, 
we  fay  the  Sun  is  in  fuch  a  part  of  the 
ecliptic,  without  attributing  any  moti¬ 
on  to  the  Earth,  any  more  than  if  fhe 
had  aftually  been  at  reft.  For  the 
fame  reafon  we  fay  the  Sun  rifes,  or 
the  Sun  fets;  by  which  we  mean  that 
he  begins  to  appear  or  difappear,  with¬ 
out  confidering  in  the  leaft  how  thefe 
effe&s  are  produced.  Thefe  things  are 
here  mentioned,  to  obviate  the  objefti- 
ons  that  might  be  made  by  beginners^ 
after  they  have  been  told  that  the  Sun 
ftands  ftilh 
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SECT.  I. 


An  Explanation  of  the  Circles 
of  the  Sphere y  and  of  f  ome 
Aflronomkal  Terms  arifing 
therefrom. 


IN  order  to  determine  the  relative 
lituations  of  places  upon  the  Earth, 
as  well  as  the  portions  of  the  fixed  Stars, 
and  other  Celeftial  phenomena,  the 
Globe  of  the  Earth  is  fuppofed  to  be 
environed  by  feveral  imaginary  circles, 
and  thefe  are  called  the  Circles  of  the  The  Gw 
Sphere.  Thefe  imaginary  circles  are^"  ^* 
either  fixed,  and  always  obtain  the  fame 
pofition  in  the  Heavens,  or  moveable, 
according  to  the  pofition  of  the  ob- 
ferver. 

Thofe  circles  that  are  fixed,  owe 
their  origin  to  the  two-fold  motion  of 
the  Earth,  and  are  the  Equator ,  and  the 
Ecliptic ,  with  their  Secundaries  and  Pa¬ 
rallels^ 
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rallels .  Thefe  fixed  circles  are  ufu- 
ally  delineated  upon  the  furface  of  the 
Globes. 

The  moveable  circles  are  only  the 
Horizon ,  its  Secundaries  and  Parallels: 
Thefe  are  reprefented  by  the  wooden 
frame,  and  the  brafs  ring,  wherein  the 
Globe  is  hung,  and  a  thin  plate  of  brafs 
to  be  fcrewed  in  a  proper  place,  upon 
the  faid  ring,  as  occafion  requires. 

I.  Of  the  Equinoctial . 

•  I.  The  Equator ,  or  the  Equinoctial , 
is  that  great  circle  in  the  Heavens,  in 
whofe  plane  the  Earth  performs  her 
diurnal  motion  round  her  axis;  or  it  is 
that  great  circle,  parallel  to  which  the 
whole  Heavens  feem  to  turn  round  the 
Earth  from  Eaft  to  Weft  in  24  Hours. 

Note ,  The  Equator  and  the  Equinoc¬ 
tial  are  generally  fynonymous  terms; 
but  fometimes  the  Equator  particularly 
fignifies  that  great  circle  upon  the  fur- 
face  of  the  Earth,  which  coincides  with 
the  Equinoftial  in  the  Heavens.  This 
circle  is  alfo  by  Mariners  commonly 
called  the  Line , 


This 


Seel.  i.  Of  the  Globes. 

The  equinodtial  divides  the  globe  of 
the  Earth,  and  alfo  the  whole  Heavens 
into  two  equal  parts,  North  and  South, 
which  are  called  the  Northern  and  South - Northern 
ern  Hemifpheres.  The  axis  of  this  cir-aHd  Soutb- 
cle^  is  called  the  Axis  of  the  World \  oxf^ff 
the  Earth's  Axis ,  becaule  the  Earth  re¬ 
volves  about  it  (from  Weft  to  Eaft)  \\\^etyXU 
24  hours.  The  extreme  of  this  axis  World. 
are  called  the  Poles  of  the  Worlds  whereof 
that  which  lies  in  the  Northern  Hemi 
fphere,  is  called  the  North  Pole ,  and  the  of  the’ e- 
other  is  called  the  South  Pole .  The  tAuator° 
quinodlial  circle  is  always  delineated 
upon  the  furface  of  each  globe,  with, 
its  name  at  length  expreffed ;  the  axis  of 
this  circle,  or  the  Earth’s  axis,  is  only 
an  imaginary  line  in  the  Eleavens,  but 
on  the  globes  it  is  expreffed  by  the  wires 
about  which  they  really  turn.  The 
Poles  of  the  world,  are  the  two  points 
upon  the  furface  of  the  globe  through 
which  thefe  wires  pafs;  the  North  Pole 
is  that  which  hath  the  little  brafs  circle, 
with  a  moveable  index  placed  round 
it;  and  the  other  oppofite  to  it  is  the 
South  Pole.  The  Northern  Hemi* 
fphere  is  that  wherein  the  North  Pole 
'  is  placed,  and  the  oppofite  one  is  the 
Southern  Hemifphere, 
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The  aftronomers  divide  all  circles  into 
360  equal  parts,  called  Degrees ,  each 
degree  into  60  equal  parts,  called  Mi¬ 
nutes,  each  minute  into  60  Seconds ,  &c* 
But  befides  this  diviiion  into  degrees* 
the  equinoctial  is  alfo  divided  into  24 
equal  parts,  or  Hours ,  each  hour  into 
60  Minutes ,  each  minute  into  60  Se¬ 
conds  >  &c.  fo  that  one  hour  is  equal  to 
15  degrees,  each  minute  of' time  is  equal 
to  15  minutes  of  a  degree,  &c. 

2.  All  circles  conceived  to  pafs 
through  the  Poles  of  the  world,  inter¬ 
fering  the  equinoctial  at  right  angles, 
are,  with  refpedt  to  any  point  in  the 
Hour  Ctr-  Heavens,  called  Hour  Circles and  the, 
Circles  of  Afceyifion,  becaufe  the  afcen- 
cen/ton ,  ai-fion  of  the  Heavenly  bodies,  from  a  cer- 
so  called  £a*m  point,  are  by  them  determined. 

Meridians .  1  J 

Thefe  circles  are  alfo,  with  regard  to 
places  upon  Earth,  called  Meridians. 

The  Meridians  are  commonly  drawn 
Upon  the  Terreftrial  Globe  thro'  every 
5  5  degrees  of  the  equinoctial,  thereby 
making  an  Hour  difference  betwixt  the 
places  through  which  they  pafs.  Or 
the  Celeftial  Globe  there  are  commonly 
drawn  but  two  of  thefe  Meridians,  eroding 

the 
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the  equinoftial  in  four  points  equidis¬ 
tant  from  one  another,  thereby  dividing 
it  into  four  quadrants;  but  the  inter¬ 
mediate  ones  are  here  Supplied,  and  alfo 
upon  the  Terreftrial  Globe,  by  the  brafs 
circle  on  which  they  are  hung,  which 
is  therefore  called  the  Brafs  Meridian,  Meridiat 
and  Sometimes  only  the  Meridian ,  it 
Serving  for  this  purpofe  to  all  the  points 
upon  either  Globe. 


There  is  alfo  a  little  brafs  circle  fix** 
ed  upon  this  meridian,  divided  into  24 
Hours,  having  an  index  moveable  round 
the  axis  of  the  globe,  to  be  turned  to 
*  any  particular  Hour.  The  ufe  of  this 
circle  is  to  fhew  the  difference  of  time 
betwixt  any  two  meridians,  and  is  there¬ 
fore  called  the  Hour  Circle . 


The  Hour 
Circlt . 


3.  All  circles  parallel  to  the  equi- 
nodtial  are,  with  refpeft  to  any  point  in  r 
the  Heavens,  called  Parallek  of  Decli-^ffljl 
nation .  So  that,  tm . 


4,  The  Decimation  of  any  Point 
in  the  Heavens  (as  of  the  Sun ,  a  fix¬ 
ed  Star ,  or  the  like)  is  an  arch  of 
the  meridian  pafling  through  that 
point,  and  intercepted  betwixt  it  and 
the  equator;  and  if  the  Said  point  be 

E  2  to 


52 


The  Defcription  and  life 

to  the^  'N|0rEllWiU^  (  0f  the  equator,  it  is 
£  Southward  K  1 

Declina*  C  North  ? 

non  North  called  <  c  .  >  Decimation. 

and  South.  (^South 


Of  the  parallels  of  declination,  four 
are  eminently  diftinguifhed  by  particu- 
Tropics  lar  names,  viz.  The  two  Tropics,  and 
and  Polar  faz  two  Polar  Circles . 


The  tropics  are  on  different  fides  of 
the  equator  each  23  degrees  and  29 
minutes  diftant  from  it;  that  which  lies 
in  the  Northern  Hemifphere,  is  called 

Trope  of  t]le  q-rQpjc  0j  Qancer  5  and  the  Southern 

Cancer  j  *  */  j 

of  Capri-  one,  the  Tropic  of  Capricorn. 


can. 


Thefe  circles  are  the  limits  of  the 
Sun's  greateft  declination,  and  are  cal¬ 
led  tropics,  becaufe  whenever  the  Sun 
arrives  to  them,  he  feems  to  return  back 
again  towards  the  equator. 

6.  The  Polar  Circles  are  each  of 
them  at  the  lame  diftance  from  the 
Poles  of  the  world,  that  the  tropics 
are  from  the  equator,  viz.  23 0  29’. 
That  which  lies  near  the  North  Pole* 
Juiic  is  called  the  Ardlic  Circle ,  from  Ar£los9 
urck.  a  conftellation  lituated  m  the  Heavens 
near  that  Place;  whence  alfo  this  Pole 
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is  fometimes  called  the  Arctic  Pole .  The  Irak 
other  Polar  circle,  which  is  fituated  nearPo^ 
the  South  Pole  5  is  called  the  Antarctic AntarBi(L 
Circle ,  becaufe  its  pofition  is  contrary  Circle. 
to  the  other;  and  the  South  Pole  is  fome- 
times  called  the  AntarBic  Pole . 


Antarftu 

Pole . 


The  tropics  and  the  Polar  circles 
have  each  their  names  exprefled  upon 
the  Globes. 


II.  Of  the  Ecliptic . 


7.  The  Ecliptic  is  that  great  circle  Ecliptic. 
in  whofe  plane  the  Earth  performs  its 
annual  motion  round  the  Sun;  or,  iit 
which  the  Sun  fee  ms  to  move  round  the 
Earth,  once  in  a  year.  This  circle 
makes  an  angle  with  the  equinoctial 
of  23  degrees  29  minutes,  and  in  ter  lefts 
it  in  two  oppofite  points,  which  are  cal¬ 
led  the  EquinoBial  Points ;  and  the  two  Eipnoc- 
points  in  the  ecliptic  that  are  at  the^* 
greateft  diftance  from  the  equinoctial 
points,  are  called  the  Soljlitial  Points,  Soljutid  ' 
The  two  meridians  palling  through Points- 
thofe  points,  are,  by  way  of  eminence, 
called  Colures ;  whereof  that  which  pal-  Colures » 
feth  thro’  the  equinoctial  points,  is  cal¬ 
led  the  EquinoBial  Colure ;  and  that 
which  i,s  at  right  angles  to  it,  paffing^ Colure* 
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through  the  Solftitial  Points,  is  called 
cfunf  the  Soljlitial  Colure . 

The  The  ecliptic  is  divided  into  12  equal 

divided  Parts>  ca^e<^  each  fign  being  30 

Into  figns. degrees,  beginning  from  one  of  the 
equinoftial  points,  and  numbered  from 
Weft  to  Eaft;  the  names  and  charac¬ 
ters  of  the  twelve  figns  are  as  follows, 
viz. 


Aries 3  Taurus ,  Gemini ,  Cancer ,  Virgo, 

i.T  2.  3<  n  4  S5  5.  ft  6.  itg 

Libra,  Scorpio ,  Sagittarius,  Capricomus ,  Aquaries ,  Pi/ces. 

7.  3  n]  9.^  io,  Vf.  it.  x;  12.x 

Northern  .  The  firft  fix  of  thefe  are  called  the 
%«*•  Northern  Signs ,  and  poffefs  that  half 
of  the  ecliptic  which  is  to  the  North¬ 
ward  of  the  equator;  beginning  with 
the  firft  point  of  v,  and  ending  with 
the  laft  point  of  jjr. 

The  latter  fix  are  called  the  Southern 

$£Q'ftS  a 

Signs,  becaufe  they  poftefs  the  Southern 
half  of  the  ecliptic;  beginning  at  the 
firft  point  of  ^  and  ending  with  the 
laft  point  of  x. 

% 

The  divifion  of  the  ecliptic  into  figns, 
and  the  names  of  the  colures,  are  parti¬ 
cularly  exprefied  upon  the  globes. 

The 
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The  figns  of  the  ecliptic  took  their 
names  from  12  conftellations  mention-” 
ed  in  the  Introduction  to  be  fituated 
in  the  Heavens  near  thole  places.  It 
is  to  be  observed,  that  the  figns  are  not 
to  be  confounded  with  the  conftellati¬ 
ons  of  the  fame  name:  For  the  Sign  of 
Aries y  is  not  the  fame  with  the  Conftel - 
l at  ion  Aries;  the  latter  is  a  fyftem  of 
Stars  digefted  into  the  figure  of  a  Ram ; 
but  the  fign  of  Aries  is  only  30  degrees 
of  the  ecliptic,  counted  from  the  equi¬ 
noctial  point  v,  (which  is  reckoned  the 
firft  point  in  the  ecliptic)  to  the  begin¬ 
ning  of  Taurus:  Or,  it  is  fometimes  ta¬ 
ken  for  all  that  fpace  upon  the  Celeftial 
Globe  contained  between  the  two  cir¬ 
cles  paffing  through  the  firft  points  of 
r  and  What  has  been  here  laid  of 
Aries ,  is  to  be  noted  of  all  the  reft  of 
the  figns. 

The  conftellations  above-mentioned 
were  formerly  fttuated  within  the  figns 
which  now  bear  their  names;  but  by  a 
flow  motion  of  the  equinocftial  points, 
being  one  degree  in  72  years,  the  con- 
ftellation  Aries  has  now  got  into  the 
fign  h  ,  and  fo  of  the  reft.  So  that  Pif- 
ees  is  now  got  into  the  fign  of  t  ;  this 
flow  motion  in  the  Heavens  is  called  the 
PreeeJJion  of  the  Equinoctial  Points . 

E  4  The 
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Poles  of  the  The  Poles  of  the  Ecliptic  are  both 
gdipuc.  t^atecj  jn  the  Solftitial  Colure,  at  25 
degrees,  29  minutes  diftance  from  the 
Pole  of  the  world;  and  they  take  their 
denomination  from  the  Hemifphere 
wherein  they  are  placed,  viz.  that  which 


r  •  S Northern?  TT  t  \ 
lies  111  thz\  Cfcl  >  Hemiiphere,  is 
d  Southerns  1  5 

called  the^^^^  Pole  of  the  eclip¬ 
tic.  The  arctic  and  antarftic  circles,  are 
deferibed  by  the  Poles  of  the  ecliptic  in 
the  diurnal  motion  of  the  Earth  round 
its  axis,  whence  it  feems  thefe  two  cir- 
cles  are  called  Polar . 


8.  All  great  circles  palling  through 
the  Poles  of  the  ecliptic,  and  confequent- 

1 Circles  of 
Longitude. 


ly  interfering,  it  at  right  angles,  are  cal¬ 
led  Circles  of  Longitude  :  So  that, 


Longitude  9.  The  Longitude  of  ony  Point  in  the 

^F^f^the  Heavens  (as  a  Star  or  Planet ,  &c.) 
kiensc  is  an  arch  or  the  ecliptic  contained  be¬ 
tween  the  circle  of  longitude  palling 
thro'  that  point,  and  the  equinodlial 
point  cn.  And  that  degree  of  any  fign 
which  lies  under  the  circle  of  longitude, 
palling  thro’  any  Star  or  Planet,  is  called 
mace  of  a  pjace  Qf  that  Star  or  Planet. 


Note., 


»»u.»  u. 
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Note,  The  Sun  never  goes  out  of  the 
ecliptic,  and  it  is  not  ulual  to  fay  the 
Sun's  longitude,  but  we  commonly  ex- 
prefs  it  the  Suns  Place ,  which  is  that 
fign,  degree,  minute,  &c.  of  the  ecliptic, 
which  he  at  any  time  pafles. 

10.  All  circles  conceived  to  be  drawn 
parallel  to  the  ecliptic,  are  called  Paral¬ 
lels  of  Latitude :  So  that, 

r  1 .  The  Latitude  of  any  point  in  Xhz Latitude  of 
Heavens,  (as  a  fixed  Star,  SV.)  is 
arch  of  the  circle  of  longitude,  in  paf- 
fing  thro'  that  point,  and  intercepted 
betwixt  it,  and  the  ecliptics  or,  the  la¬ 
titude  is  the  diftance  from  the  ecliptic; 
and  if  the  faid  point  be  to  the  North¬ 
ward  of  the  ecliptic,  it  is  called  North 
Latitude;  but  if  it  be  to  the  Southward, 
is  called  South  Latitude, 

Upon  the  cTerrefrial  Globe ,  none  of 
the  circles  of  longitude  are  defcribed; 
and  upon  the  Celeftial,  they  are  com¬ 
monly  drawn  thro'  the  beginning  of 
every  Sign ;  but  they  are  all  fupplieci 
upon  both  Globes,  by  fattening  a  thin 
plate  of  brafs  over  one  of  the  Poles  of 
the  ecliptic,  and  fo  as  to  be  moved  to 
any  degree  thereof  at  pleafure.  The 

pa- 
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'  / 

parallels  of  latitude  are  alfo  fupplied  by 
the  graduations  upon  the  faid  plate,  as 
{hall  be  fhewn  in  a  proper  place, 

\ 

We  have  now  done  with  all  thofe  cir*= 
cles  that  are  fixed,  and  fuch  as  are  drawn 
upon  the  Globes  themfelves;  we  next 
proceed  to  the  moveable  circles. 

III.  Of  the  Horizon . 

12.  The  Horizon  is  that  great  cir¬ 
cle  which  divides  the  upper,  or  vifible 
Hemifphere  of  the  world,  from  the 
lower,  or  invifible:  This  circle  is  riiftin- 
guifhed  into  two  forts,  the  Senjihle ,  and 
the  Rational . 

The  Senfble ,  or  Apparent  Horizon ,  is 
that  circle  which  limits  or  determinates 
our  profpeft,  whether  we  are  at  land 
or  fea,  reaching  as  far  as  we  can  fee,  or 
it  is  that  circle  where  the  Sky  and  the 
Earth,  or  Water,  feem  to  meet.  When 
we  are  on  Terra  Firma ,  this  circle  com¬ 
monly  lee  ms  rugged  and  irregular,  oc« 
cafioned  by  the  uneyennefs  of  the  ground 
terminating  our  profped:;  but  at  fea 
there  are  no  fuch  irregularities;  the  fe- 
midiameter  of  this  circle  varieth  accord¬ 
ing  to  the  height  of  the  eve  of  the 
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obferver;  if  a  man  of  fix  feet  high 
flood  upon  a  l#rge  plain,  or  the  lurface 
of  the  fea,  he  could  not  fee  above  three 
miles  round. 

*  * 

This  circle  determines  the  rifing  and 
fetting  of  the  Heavenly  bodies,  and  dif- 
tinguilhes  Day  and  Night. 

The  j Rational,  or  true  Horizon ,  is  zRational 
great  circle  palling  thro5  the  center  ofH°nZ0ftt 
the  Earth,  parallel  to  the  fenfible  Hori¬ 
zon,  being  diftant  from  it  by  the  Earth’s 
femidiameter,  which  is  about  3980 
miles:  This  diftance  is  nothing  in  corn- 
parifon  of  the  immenfe  diftance  of  the 
Sun  and  the  fixed  Stars,  therefore  a- 
ftronomers  make  no  diftin£tion  between 
thefe  two  circles,  but  confider  the  appa¬ 
rent  Horizon,  or  that  wherein  the  Sun 
appears  to  rife  and  fet,  as  palling  thro" 
the  center  of  the  Earth. 

This  circle  is  divided  by  aftronomers 
into  four  quadrants,  and  each  of  the 
quadrants  into  90  degrees,  &c.  The 
four  points  quartering  this  circle  are 
called  the  Cardinal  Points ,  and  are  term-c^«^ 
ed  the  Eajl ,  Wejly  North ,  and  South. ?tynt^Qf^ 
The  Eaft  is  that  point  of  the  Horizons 
where  the  Sun  rifes  wiien  he  is  in  the 

equi- 
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equinoctial,  or  on  that  day  when  he 
afcends  above  the  Horizon  exadtly  at 
fix  o’clock;  and  the  Weft  is  that  point 
of  the  Horizon  which  is  directly  oppo- 
lite  to  the  Eaft,  or  where  the  Sun  fets 
when  he  is  in  the  Equino&ial.  The 
South  is  90  degrees  diftant  from  the 
Eaft  and  Weft,  and  is  toward  that  part 
of  the  Heavens  wherein  the  Sun  always 
appears  to  us  in  Great-Britain  at  Noon; 
and  the  North  is  that  part  of  the  Hea- 
vens  which  is  direCtly  oppolite  to  the 
South:  Or,  the  North  and  South  points 
of  the  Heavens  may  be  found  by  turning 
yourfelf  either  diredtly  towards  the  Eaft 
or  the  Weft :  If  you  look  towards  the 


will  be  to  the  right 


North 

South 


Hand,  and  the 


to  the  left. 


Befides  the  aforementioned  divifions 
of  the  Horizon  into  degrees,  Mariners 
divide  it  into  32  equal  parts,  which  they 
Points  of  '  call  the  Points  oj  the  Compafs ;  to  each  of 
the  Co^  wj1;c}1  points  they  give  a  particular 
‘  name,  compounded  of  the  four  Car¬ 

dinals,  according  to  what  quarter  of  the 
Compafs  is  intended. 


The  center  of  the  Horizon  is  the 


place 
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place  of  obfervation,  and  the  Poles  of  it 
are  one  exactly  over  our  heads,  called 
the  Zenith  \  and  the  other  exaftiy  under Zenith. 
our  feet,  called  the  Nadir .  Nadir . 

13.  All  circles  conceived  to  pafs 
thro’  the  Zenith  and  Nadir,  are  called 
Vertical  Circles ,  or  Azimuths .  Of  thefe  denied 
circles,  that  which  paffeth  thro’  thtCircles' 
North  and  South  points  of  the  Horizon, 
is  called  the  Meridian ;  fo  that  when  any  Meridian . 
objeft  is  upon  the  Meridian,  it  then 
bears  either  due  South,  or  due  North 
from  us ;  and  the  Azimuth  of  any  ob- Azimuth 
jeft  is  an  arch  of  the  Horizon  inter¬ 
cepted  between  the  vertical  circle  paffing 
through  it,  and  either  the  North  or 
South  part  of  the  Meridian  5  which  part 
is  commonly  fpecified. 

The  meridian  paffes  thro5  the  Poles 
of  the  world,  as  well  as  through  the 
Zenith  and  Nadir,  and  therefore  is  a 
fecundary  both  of  the  equinoctial  and 
the  horizon:  This  circle  divides  the 
globe  into  the  Eaftern  and  Weflern  He - 
mifpheres ,  and  the  Poles  of  it  are  the 
Eaft  and  Weft  points  of  the  Horizon , 

All  the  heavenly  objects  are,  during  one 
half  of  their  continuance  above  the  ho¬ 
rizon,  in  the  Eaftern  Hemifphere,  and 
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for  the  other  half  in  the  Weftern;  fo 
that  whenever  the  Sun  arrives  upon  the 
upper  part  of  the  meridian,  it  is  then 
Noony  or  Mid-day ,  which  is  the  realon 
why  this  circle  is  called  the  meridian  $ 
and  when  he  comes  to  the  lower  pai% 
it  is  then  Mid-night . 

The  vertical  circle  palling  thro*  the 
Eaft  and  Weft  points  of  the  horizon. 
Prime Fer- js  caIIed  the  Prime  Vertical ,  or  Circle  of 
tm*  Eafl  and  Wed/,  fo  that  when  any  ob- 
jjedt  is  upon  this  circle  in  the  Eaftern 
*  hemifphere,  it  appears  due  Eaft;  and 
if  it  he  in  the  Weftern  hemifphere,  it 
appears  due  Weft, 

That  degree  in  the  horizon  wherein 
any  objedt  rifes  or  fets  from  the  Eaft  or 
Amplitude.  Weft  points,  is  called  the  Amplitude ; 
which  for  rifing  is  called  Amplitude  Or - 
five,  and  Occafive  for  felting;  which 
muft  be  alfo  denominated  whether  it  be 
Northerly  or  Southerly. 

It  may  be  ohferved,  that  the  ArnpW 
tude  and  Azimuth  are  much  the  fame; 
the  amplitude  ftiewing  the  bearing  of 
any  objedt  when  he  rifes  or  fets,  from 
the  Eaft  or  Weft  points  of  the  hori¬ 
zon  ;  and  the  azimuth,  the  bearing  of 

any 
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any  object  when  it  is  above  the  hori¬ 
zon,  either  from  the  North  or  South 
point  thereof.  As  for  example,  if 
an  objedt  rifes  or  fets  within  to  degrees 
of  the  Eaft  or  Weft,  fuppofe  towards 
the  South,  we  accordingly  fay,  its  Am¬ 
plitude  is  io  degrees  Southerly;  but  if 
an  objedt,  that  is  of  any  height  above 
the  horizon,  fliould  be  in  the  vertical 
circle,  palling  thro’  the  before-menti¬ 
oned  point,  we  then  fay,  its  Azimuth  is 
So  degrees  from  the  South,  or  ioo  de¬ 
grees  from  the  North,  both  which  ex« 
preflions  fignify  the  fame. 


1 4.  All  circles  drawn  parallel  to  the 
horizon,  in  the  upper  hemifphere,  are 
called  Aimacanthers,  or  Parallels  of  Al-Almm- 
titude:  So  that  the  Altitude  of  any*,?"'  , 
point  in  the  Heavens  is  an  arch  of  the 
vertical  circle  palling  thro7  that  point, 
and  intercepted  betwixt  it  and  the  ho¬ 
rizon  $  and  if  the  object  be  upon  the 
meridian,  it  is  commonly  called  the  Me-MerWa% 
ridian  Altitude .  The  complement  Q{A!utude* 
the  altitude,  or  what  it  wants  of  90  de~ 
grees,  is  called  the  Zenith  Bijlance . 


The  horizon  (by  which  we  mean 
the  rational)  is  reprefented  by  the  upper 
furface  of  the  Wooden  frame,  wherein 

the 
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the  globes  are  placed ;  upon  this  hori¬ 
zon  are  defcnbed  feveral  concentric  cir-* 
eles,  the  innermoft  of  which  is  divided 
into  degrees,  which  ought  to  be  num¬ 
bered  both  ways  from  the  Eaft  and 
the  Weft,  until  they  end  at  90  degrees 
in  the  North  and  South  points.  The 
ufe  of  thefe  divifions  is  to  ftiew  the 
amplitudes  of  the  Sun  and  Stars,  at 
their  rifing  and  fetting:  Alfo  in  fome 
convenient  place  upon  this  horizon, 
there  is  commonly  noted  the  points  of 
the  Compafs.  Without  the  before-men¬ 
tioned  circle  there  is  drawn  the  ecliptic, 
with  its  divifions,  into  figns,  and  de¬ 
grees,  and  a  circle  of  months  and  days : 
The  ufe  of  thefe  two  circles  is  to  ferve 
as  a  kalendar  to  fhew  the  Sun's  place  at 
any  time  of  the  year,  and  by  that  means 
to  find  his  place  in  the  Ecliptic ,  drawn 
upon  the  globe  itfelfi 

The  Vertical  Circles ,  and  the  TaraU 
Ms  of  Altitude*  are  lupplied  by  a  thin 
plate  of  brafs,  having  a  nut  and  fcrew 
at  one  end  to  fallen  it  to  the  brafs  me¬ 
ridian  in  the  Zenith  point;  which  be¬ 
ing  done,  the  lower  end  of  it  may  be 
put  between  the  globe  it  fell,  and  the 
inner  edge  of  the  horizon,  and  lo  turn-* 
@d  round  about  to  any  point  required, 

~  The 
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The  fiducial  edge  thereof  reprefenting 
the  Vertical  Circle 5,  and  the  Degrees 
upon  it,  defcribing  the  Parallels  of  Al¬ 
titude.  This  thin  plate  is  called  the 
Quadrant  of  Alt i tilde. 


Quadrant 
of  Altitude* 


The  center  of  the  horizon  being  the 
place  of  obfervation,  it  is  evident  that 
this  circle,  and  all  the  others  belong¬ 
ing  to  it,  are  continually  changed, 
which  way  foever  we  move;  wherefore 
we  may  fuppofe  the  horizon,  with  its 
fecundaries  and  parallels,  to  inveft  the 
globe  like  a  rete  or  net;  and  to  be 
moveable  every  way  round  it.  This  is 
very  naturally  illuftrated  by  the  globes; 
if  we  move  direbtly  North,  or  diredtly 
South,  the  change  made  in  the  horizon 
is  reprefented  by  moving  the  brafs  me¬ 
ridian  (keeping  the  globe  from  turning 
about  its  axis)  in  the  notches  made  in 
the  wooden  horizon,  juft  fo  much  as 
we  travelled.  If  our  courfe  fliould  be 
due  Eaft,  or  due  Weft,  the  alterations 
made  thereby  are  reprefented  by  turning 
the  globe  accordingly  about  its  axis, 
the  brafs  meridian  being  kept  fixed ;  and 
if  we  fteer  betwixt  the  meridian  and  the 
Eaft  or  Weft  points,  then  we  are  to 
turn  the  brafs  meridian,  and  alfo  the 
globe  about  its  axis  accordingly;  the 

F  ‘  '  film1 
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fum  of  which  is,  let  the  fpe&ator  be  at 
what  point  foever  of  the  Earth’s  furface, 
he’ll  there  gravitate,  or  tend  exactly  to¬ 
wards  its  center,  and  imagine  himlelf 
to  be  on  the  higheft  part  thereof,  (the 
unevennefs  of  the  ground  not  being 
here  confidered)  wherefore  if  we  turn  the 
globe  in  fuch  a  manner  as  to  bring  the 
leveral  progrefiive  fteps  of  a  traveller 
fucceffively  to  the  Zenith,  we  fhall  then 
have  the  fucceflive  alterations  made  in 
the  horizon,  in  every  part  of  his  jour¬ 
ney.  This  explication  being  well  con¬ 
fidered,  will  be  of  help  to  young  begin¬ 
ners,  to  conceive  how  the  Earth  is  every 
where  habitable  5  and  how  paflengers 
can  travel  quite  round  it;  for  fince  every 
thing  tends  toward  the  center  of  the 
Earth,  we  are  to  conceive  that  point  as 
being  the  loweft,  and  not  to  carry  our 
idea  of  downwards  any  farther.  Thole 
that  are  diametrically  oppofite  to  us  be¬ 
ing  as  much  upon  the  upper  part  of  the 
Earth  as  we  are,  there  being  no  fuch 
thing  in  nature  as  one  place  being  higher 
than  another,  but  as  it  is  at  a  greater 
diftance  from  the  center  of  the  Earth, 
let  it  be  in  what  country  foever. 

We  have  now  done  with  all  the  cir¬ 
cles  of  the  fphere,  and  it  may  be  ob- 

f’erved 
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ferved,  that  the  Equinoctial,  the  Ecliptic , 
and  the  Horizon ,  with  their  fecundaries 
and  parallels,  are  all  alike;  and  altering 
their  petition,  may  be  made  to  ferve  for 
one  another.  Thus,  if  the  Poles  of  the 
World  be  brought  into  the  Zenith  and 
Nadir,  the  Equinoctial  will  coincide  with 
the  Horizon ,  the  Meridians  will  be  the 
fame  with  the  Vertical  Circles ,  and  the 
parallels  of  Declination  will  be  the  pa¬ 
rallels  of  Altitude .  After  the  fame  man¬ 
ner,  if  fhifting  the  pofition,  we  bring  the 
Ecliptic  to  coincide  with  the  Horizon ,  the 
circles  of  Longitude  will  be  the  Vertical 
Circles ,  and  the  parallels  of  Latitude  and 
Altitude  will  coincide. 

The  horizon  and  the  equator  may 
be  either  parallel,  perpendicular,  or  ob¬ 
lique  to  each  other. 

15.  A  Parallel  Sphere  is  that  petition  Parallel 
where  the  equator  coincides  with  th fPbere° 
horizon,  and  confequently  the  poles  of 

the  world  are  in  the  Zenith  and  Nadir: 

The  inhabitants  of  this  fphere  (if  there 
be  any)  are  thofe  who  live  under  the 
poles  of  the  world. 

16.  A  Right  or  DireCt  Sphere  is  tha t Right 
pofition  where  the  equator  is  perpen-^m 

F  a  dicular 
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dicular  to  the  horizon,  the  inhabitants 
whereof  are  thofe  who  live  under  the 
equinodtiaL 

17.  An  Oblique  Sphere  is  when  the 
equinodtial  and  the  horizon  make  ob¬ 
lique  angles  with  each  other,  which 
every  where  happens  but  under  the 
equator  and  the  poles. 

The  arch  of  any  parallel  or  declina¬ 
tion,  which  ftands  above  the  horizon  is 
called  the  Diurnal  Arch ;  and  the  re¬ 
maining  part  of  it,  which  is  below  the 
horizon,  is  called  the  Nocturnal  Arch . 


That  point  of  the  equinodtial  which 
comes  to  the  ^  \  Part  °f  the  ho¬ 

rizon  with  any  point  of  the  Heavens,  is 

called  the  $  of  that  point, 

l  Deicenhon  3  r  * 

counted  from  the  beginning  of  v ;  and  if 
it  be  in  a  right  fphere,  the  afcenfion  or 
defcenfion  is  called  right;  but  if  it  be  an 
oblique  fphere  it  is  called  an  oblique  af¬ 
cenfion  or  defcenfion.  So  that. 


18.  The  Right  Afcenjion  of  the  Sun, 
Moon ,  or  any  Star ,  &c.  is  an  arch  of 
the  equator  contained  betwixt  the  begin* 

ning 
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ning  of  and  that  point  of  the  equinoc¬ 
tial  which  rifes  with  them  in  a  Right 
Sphere,  or  which  comes  to  the  meridian 
with  them  in  an  oblique  fphere, 

19.  Oblique  Afcenfon ,  or  Defcenfony  Oblique 
is  an  arch  of  the  equinoctial  intercepted Afcenfon* 
between  the  beginning  of  v,  and  that 
Point  of  the  Equator  which  rifes  or  fets 
with  any  point  in  the  Heavens  in  an 
oblique  iphere. 

20.  Afcenfonal  Difference ,  is  the  4fcenfionai 

difference  betwixt  the  right  and  oblique  DiJfennce' 
afcenfion  or  delcenfion,  and  (hews  how 
long  the  Sun  rifes  or  fets  before  or  af¬ 
ter  the  hour  of  fix. 

IV.  Of  the  Divifon  of  Dime. 

The  parts  that  time  is  diftinguifhed 
into,  are  Days,  Hours ,  Weeks ,  Months , 
and  Tears. 

A  Day  is  either  natural  or  artificial. 

•  / 

A  Natural  Day  is  the  fpace  of  time^^f 
elapfed  while  the  Sun  goes  from  any jktl^Day* 
meridian  or  horary  circle,  'till  he  arrives 
to  the  fame  again;  or,  it  is  the  time 
contained  from  noon,  or  any  particular 

F  3  hour, 
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hour,  to  the  next  noon,  or  the  fame 
hour  again:  An  Artificial  Day  is  the 
time  betwixt  the  Sun’s  nfmg  and  fet- 
ting;  to  which  is  oppofed  the  Nighty 
that  is,  the  time  the  Sun  is  hid  under 
the  horizon. 


Hours ,  &c o  The  Natural  Day  is  divided  into  24 
Hours ,  each  hour  into  60  Minutes ,  each 
minute  into  60  Seconds ,  &c.  The  Ar¬ 
tificial  Days  are  always  unequal  to  all 


the  inhabitants  that  are  not  under  the 
equator,  except  when  the  Sun  is  in  the 
equinodtial  points  r  and  which  hap¬ 
pens  (according  to  our  way  of  reckon¬ 
ing;  about  the  21ft  of  March,  and  the 
23d  of  September ;  at  thofe  times  the 
Sun  rifes  at  fix  and  lets  at  fix,  to  all  the 
inhabitants  of  the  Earth.  Thefe  days 
Equinoxes. are  called  the  Equinoxes ,  or  Equinoctial 
Days ;  the  firft  of  which,  or  when  the 
Sun  is  in  the  firft  point  of  Aries ,  is  cal- 
Vernal andled  the  Vernal  Equinox ,  and  the  latter  is 
called  the  Autumnal 

-u  *  places  where  the  Sun  delcends  below  the 
horizon,  excepting  under  the  equator, 
the  days  continually  lengthen  or  fhorten, 
and  that  fafter  or  flower,  according  as 
the  Sun  is  nearer  to,  or  further  from  the 
equinoctial,  until  he  arrives  to  either  of 
the  Solfiitial  Points  ss  or  vs.  At  thofe 

times 
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times  the  Sun  Teems  to  ftand  ftill  for  a 
few  days,  and  then  begins  to  return  with 
a  flow  motion  towards  the  equinoctial, 
ftill  haftening  his  pace  as  he  comes  near¬ 
er  to  it:  The  Sun  enters  the  tropics  of 
25  and  vfy  about  the  21ft  of  June ,  and 
the  22d  of  December ,  which  days  are 
fometimes  called  the  Solflices>  the  firft  of SoljUces. 
which  we  call  the  Summer  Solftice ,  and 
the  latter  the  Winter  Solftice .  SoijHces. 


\ 

All  nations  do  not  begin  their  day,The  dif. 
and  reckon  their  hours  alike.  In  Great-  ^gof 
Britain ,  France ,  and  Spain,  and  in  moftfhe'day’. 
places  in  Europe ,  the 'days  is  reckoned  to 
begin  atmidnight,  from  whence  is  count¬ 
ed  twelve  hours  ’till  noon,  then  twelve 
hours  more  ’till  next  midnight,  which 
makes  a  com  pleat  day  ;  yet  the  AJlrono - 
mers  (in  thefe  countries)  commonly  be¬ 
gin  their  day  at  noon,  and  To  reckon 
24  hours  ’till  next  noon,  and  not  twice 
twelve,  according  to  the  vulgar  com¬ 
putation. 


The  Babylonians  began  their  day  at 
Sun-rifing,  and  reckoned  24  hours  ’till 
he  rofe  again!  This  way  of  computa¬ 
tion  we  call  the  Babylonijh  Hours .  I wBabyhnijh 
feveral  parts  of  Germany  y hey  count  their 
hours  from  Sun-fetting,  calling  the  firft 
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hour  after  the  Sun  has  fet,  the  firft  hour* 
&c.  ’till  he  fets  the  next  day,  which  they 
call  the  24th  hour:  Thefe  are  commonly 
Italian  called  the  Italian  Hours .  According  to 
both  thefe  ways  of  computation,  their 
hours  are  commonly  either  a  little  great¬ 
er  or  lefs  than  the  -U.  part  of  a  natural 
day,  in  proportion  as  the  Sun  rifes  or 
fets  fooner  or  later  in  the  lucceeding  days. 
They  have  alfo  this  inconvenience,  that 
their  mid-day  and  mid-night  happen 
on  different  hours,  according  to  the  fea- 
ions  of  the  year. 


Th ejews  and  the  Romans  formerly  di¬ 
vided  the  artificial  days  and  nights  each 
into  12  equal  parts;  thefe  are  termed 
pwifo  the  J.ewi/h  Hours ,  and  are  of  different 
f iours‘  lengths,  according  to  the  feafons  of  the 

year;  a  Jewijh  Hour  in  fummer  being 
longer  than  qne  in  winter,  and  a  night- 
hour  fhorter.  This  method  of  compu¬ 
tation  is  now  in  life  among  the  Turks, 
and  the  hours  are  ftiled  th zjirfl  hour ,  fe - 
cond  hour ,  &c.  of  the  day  or  night;  fo 
that  Mid-day  always  falls  on  the  fixth 
hour  of  the  day.  Thefe  hours  are  alfo 
Planetary  called  Planetary  Hours ,  becaufe.  in  every 
flurs%  hour  one  of  the  feven  Planets  were  fup- 
pofe  to  prefide  over  the  World,  and  fo 
,  take  it  by  turns.  The  firft  hour  after 
"  Sun- 
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Sun-rifing  on  Sunday  was  allotted  to  the 
Sun ;  the  next  to  Venus ;  the  third  to 
Mercury,  and  the  reft  in  order  to  the 
Mom,  Saturn ,  Jupiter ,  and  Mars*  By 
tms  means  on  the  firft  hour  of  the  next 
day,  the  Moon  pi  elided,  and  lb  gave  the 
name  to  that  day;  and  fo  feven  days  by 
this  method  had  names  given  them  from 
the  Planets  that  were  fuppofed  to  govern 
on  the  firft  hour. 


A  Week  is  a  fyftem  of  feven  days,  in  a  Week: 
which  each  day  is  diftinguifhed  by  a 
different  name.  In  moft  countries  theft 
days  are  called  after  the  names  of  the 
feven  Planets,  as  above  noted.  All  na¬ 
tions  that  have  any  notion  of  religion, 
lay  apart  one  day  in  feven  for  public 
worfhip;  the  day  folemnized  by  Ghrif- 
tians  is  Sunday ,  or  the  firft  day  of  the 
week,  being  that  on  which  our  faviour 
rofe  from  the  grave,  on  which  the  apo- 
ftles  afterwards  ufed  more  particularly 
to  affemble  together  to  perform  divine 
worfhip.  The  Jews  obferved  Saturday , 
or  the  feventh  day  of  the  week,  for  their 
fabbath,  or  day  of  reft,  being  that  ap¬ 
pointed  in  the  fourth  commandment  un¬ 
der  the  Law.  The  Turks  perform  their 
religious  ceremonies  on  Friday . 
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A  Month,  A  Month  is  properly  a  certain  fpace 
of  time  meafured  by  the  Moon  in  his 
courfe  round  the  Earth.  A  Lunar  Month 
Periodical  is  either  Periodical  or  Synodical,  A  Pe- 
and  Syno<*  yjodical  Month  is  that  (pace  of  time  the' 

Month,  Moon  takes  to  perform  her  courfe  from 
one  point  in  the  ecliptic  hill  fhe  arrives 
to  the  fame  again,  which  is  27  days, 
and  fome  odd  hours;  and  a  Synodical 
Month  is  the  time  betwixt  one  new 
Moon,  and  the  next  new  Moon,  which 
is  commonly  about  294-  days.  But  a 
Civil  Month ,  is  different  from  thefe,  and 
confifts  of  a  certain  number  of  days, 
fewer  or  more,  according  to  the  laws 
and  cuftoms  of  the  country  where  they 
are  obferved. 

s 

The  compleateft  period  of  time  is  a 
Tear^  in  which  all  the  variety  of  feafons 
return,  and  afterwards  begin  a-new.  A 
A  Year  Sy-  Tear  is  either  Aftronomical  or  Civil*  A11 
dereal  and Agronomical  Tear  is  either  a  Sydereal, 
0 epical.  w{ierejn  {fog  Sun  departing  from  a  fixed 

Star,  returns  to  it  again;  or  Tropical , 
which  is  the  fpace  of  time  the  Sun 
takes  to  perform  his  courfe  from  any 
point  of  the  ecliptic,  hill  he  returns  to 
it  again. 


A 


t 
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A  'Tropical  Tear  confifts  of  365  days, 

5  hours,  and  49  minutes;  this  is  the 
time  in  which  all  the  leafons  com- 
pleatly  returns,  which  is  a  fmall  matter 
lefs  than  a  Sydereal  Year, 

The  Civil  Tear  is  the  fame  with  the 
Political  eftablilhed  with  the  laws  of  a 
country;  and  is  either  moveable  or  im¬ 
moveable  The  moveable  vear  confifts 

j 

of  365  days,  being  lefs  than  the  tropi¬ 
cal  year  by  almoft  fix  hours,  and  is 
called  the  Egyptian  Tear ,  becaufe  ob  -  Egyptian 
ferved  in  that  Country.  Teart 

The  Romans  divided  the  year  into  12 
kalendar  months,  to  which  they  gave 
particular  names,  and  are  ftill  retained 
by  moft  of  the  European  nations,  viz . 
fanuary ,  February ,  March ,  Aprils  May , 

‘ June ,  July,  Augufi ,  September ,  October , 
November ,  and  December .  The  number 
of  days  in  each  month  may  be  known 
by  the  following  verfes: 

Thirty  Days  hath  September, 

April,  June,  November; 

February  hath  Twenty-eight  alone , 

/fW  tf//  the  rejl  have  Thirty-one , 


The 
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The  year  is  a!fo  divided  into  four 
quarters  or  feafons,  viz.  Springy  Sum¬ 
mery  Auiumriy  and  Winter.  Thefe  quar¬ 
ters  are  properly  made  when  the  Sun 
enters  into  the  equino&ial  and  folftitial 
points  of  the  ecliptic;  but  in  civil  ufes 
they  are  differently  reckoned,  according 
to  the  cuftoms  of  feveral  countries. 
In  Engiandy  we  commonly  reckon  the 
fir  ft  day  of  January  to  be  the  firft  in 
the  year,  which  is  therefore  vulgarly 
called  Neve-Tear  s-D  ay  \  but  in  politi¬ 
cal  and  ecclefiaftical  affairs,  the  year 
is  reckoned  to  commence  on  Lady-day , 
which  is  the  25th  of  March ;  and  from 
thence  to  M l d jammer -day y  which  is  the 
24th  of  juney  is  reckoned  the  firft  quar¬ 
ter;  from  Midfummer-day  to  Michael - 
mas-day y  which  is  the  29th  of  September , 
is  the  lecond  quarter;  the  third  quar¬ 
ter  is  reckoned  from  Michaelmas- day  to 
Chriflmas-dayy  which  is  the  25th  of 
December ;  and  from  Chrijlmas-day  to 
Lady- day y  is  reckoned  the  laft  quarter 
in  the  year.  In  common  affairs,  a 
quarter  is  reckoned  from  a  certain  day 
to  the  fame  in  the  fourth  month  follow¬ 
ing.  Sometimes  a  month  is  reckoned 
four  weeks,  or  28  days,  and  fo  a  quar¬ 
ter  12  weeks.  To  all  the  inhabitants 

in 
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.  C Northern  ?  ,,  .c  ,  .  . 

m  the  £ Southern  5  HemifPheie>  their 

Midfumme r  is  properly  when  the  Sun 

and 


is  in 


i  .  X  Cancer , 

the  tropic  oi<  ^  J 

1  J  Capricorn, 


their  Midwinter  at  the  oppofite  time 
of  the  year;  but  thofe  who  live  under 
the  equino&ial  have  two  winters,  &c* 
when  the  Sun  is  in  either  tropic ;  tho9 
indeed  properly,  there  is  no  feafon  that 
may  be  called  winter  in  thofe  parts  of 
the  world. 
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The  Egyptian  year  of  365  days  be* 
ing  lefs  than  the  true  fqlar  year,  by  al- 
molt  fix  hours,  it  follows,  that  four  fuch 
years  are  lefs  than  four  folar  years  by 
a  whole  day;  and  therefore  in  365 
times  four  years,  that  is,  in  1 460  years, 
the  beginning  of  the  years  move  through 
all  the  feafons.  To  remedy  this  in- 
conveniency,  Julius  Ccefar  (confidering 
that  the  fix  hours,  which  remain  at  the 
end  of  every  year,  will  in  four  years 
make  a  natural  day)  ordered  that  every 
fourth  year  fhould  have  an  intercalary 
day,  which  therefore  confifts  of  366 
days;  the  day  added  was  put  in  the 
month  of  February ,  by  poftponing  St. 
Matthias's  day,  which  in  common  years 
fall  on  the  24th,  to  the  25th  of  the  faid 

months 
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month,  all  the  fixed  feafts  in  the  year 
from  thenceforward s  falling  a  week-day 
later  than  otherwife  they  would.  Ac¬ 
cording  to  the  Roman  way  of  reckon¬ 
ing,  the  24th  of  February  was  the  fixth 
of  the  kalends  of  March ,  and  it  was 
ordered  that  for  this  year  there  fhould 
be  two  fixths,  or  that  the  fixth  of  the 
kalends  of  March  fhould  be  twice  re¬ 
peated;  upon  which  account  the  year 
was  called  BiJJextile ,  which  we  now  call 
the  Leap-Tear . 

To  find  whether  the  year  of  our 
Lord  be  leap-year,  or  the  .firft,  iecond, 
or  third  after;  divide  it  by  four,  and 
the  remainder,  if  there  be  any,  (hews 
how  many  years  it  is  after  leap-year; 
but  if  there  be  no  remainder,  then  that 
year  is  leap-year:  Or,  you  may  omit 
the  hundreds  and  fcores,  and  divide  the 
refidue  by  4,  Examp .  1757,  omitting 
the  hundreds  and  the  twenties,  I  di¬ 
vide  the  refidue  17,  by  4,  and  the  re¬ 
mainder  1,  fhews  it  to  be  the  firft  after 
leap-year. 

This  method  of  reckoning  the  year, 
viz.  making  the  common  year  to  con- 
fift  of  365  days,  and  every  fourth  year 
to  have  366  days,  is  now  ufed  in  Great - 

Britain % 


/ 
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Britain  and  Ireland ,  and  fome  of  the 
Northern  parts  of  Europe ,  and  is  called 
the  Julian  Account ,  or  the  Old  Style.  Julian  Ac- 
But  the  time  appointed  by  Julius  Ccefarcfjjf€ 
for  the  length  of  a  folar  year  is  too  ’  ty<h 
much;  for  the  Sun  finilhes  his  courfe 
in  the  ecliptic,  in  365  days,  5  hours, 
and  49  minutes,  which  is  1 1  minutes 
lefs  than  the  civil  year;  and  therefore 
he  again  begins  his  circuit  1 1  minutes 
before  the  civil  year  is  ended;  and  fo 
much  being  gained  every  year,  amounts 
in  131  years,  to  a  whole  day.  So  that 
if  the  Sun  in  any  year  entered  the  equi¬ 
nox  upon  the  20th  of  March  at  noon, 
after  the  fpace  of  1 3 1  years,  he’ll  enter 
the  fame  point  on  the  fame  hour,  on 
the  1 9th  of  March ,  And  therefore  the 
exquinoxes  will  not  always  fall  on  the 
fame  day  of  the  month,  but  by  degrees 
will  move  towards  the  beginning  of 
the  year. 


At  the  time  of  the  Council  f  Nice ^ 
when  the  terms  were  fettled  for  ob- 
ferving  of  Rafter)  the  Vernal  Equinox  fell 
upon  the  21ft  of  March ;  but  by  its 
falling  backwards  1 1  minutes  every  year, 
it  was  found  that  in  Anno  1582,  when 
the  kalendar  was  corrected,  the  Sun  en¬ 
tered  the  equinoctial  circle  on  the  1  ith 

qf 


8©  Vhe  Defcription  and  Ufe 

of  March ,  having  departed  ten  whold 
days  from  its  former  place  in  the  year: 
and  therefore  Pope  Gregory  the  Xlllth, 
defigning  to  place  the  equinoxes  in  their 
lituation  with  relpecf  to  the  year,  took 
thele  ten  days  out  of  tne  kalendar,  and 
ordered  that  the  iith  of  March  ihould 
he  reckoned  as  the  twenty-firft:  And 
to  prevent  the  feafons  of  the  year  from 
going  backwards  for  the  future,  he  or¬ 
dered  every  hundredth  year,  which  in 
< Julian  form  was  to  be  a  Bijfextile ,  Ihould 
be  a  common  year,  and  confift  only  of 
365  days;  but  that  being  too  much, 
every  fourth  hundred  was  to  remain 
Bijfextile .  This  form  of  reckoning  be¬ 
ing  eftablifhed  by  the  authority  of  Pope 
Gregorian  Gregory  XIII.  is  called  the  Gregorian 
Account  ^  or  the  New  Style ;  and  is  ob~ 
ferved  in  all  the  countries  where  the 
authority  of  the  Pope  is  acknowledged, 
and  likewife  by  feveral  nations  of  the 
reformed  religion.  There  being  now 
above  an  hundred  years  paft,  fince  the 
reformation  was  made  in  the  kalendar, 
the  Gregorian  account  has  accordingly 
got  before  the  Julian  one  day  more 
than  it  was  in  the  time  of  its  inftitu- 
tion,  the  difference  between  thefe  two 
accounts  being  now  eleven  days;  fo  that 
the  firft  day  •  of  any  month,  according 
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to  that  way  of  reckoning,  is  the  12th 
of  the  fame  month,  according  to  the 
New  Style, 

I  fhall  conclude  this  fe£tion  with  a 
brief  account  of  the  Atmolphere, 

The  Atmofph  ere  is  that  thin  body  of Atm- 
air  which  furrounds  the  Earth,  in  which*^*™ 
the  clouds  hover,  and  by  which  in  their 
defcent  they  are  broke  into  drops  of 
rain;  which  fometimes,  according  to 
the  warmth  or  coldnefs  of  air,  are 
froze  into  Snow,  or  Hailjiones.  "Thunder 
and  Lightning  are  alio  made  in  the  At - 
mofpherer  and  wind  is  nothing  elfe  but 
a  percuffion  of  the  air,  occafioned  by 
its  different  denfity  in  different  places0 
The  benefits  we  receive  from  the  atmo- 
fphere  are  innumerable ;  without  air  nd 
earthly  creature  could  live,  as  is  plainly- 
proved  by  experiments  made  by  the 
Air-Pump,  and  the  whollbmenefs  of 
a  climate  chiefly  depends  upon  that  of 
its  air:  If  there  was  no  atmofphere  to 
reflect  the  rays  of  the  Sun,  no  part  of 
the  heavens  would  be  lucid  and  bright, 
but  that  wherein  the  Sun  was  placed; 
and  if  a  fpeftator  fhould  turn  his  back 
towards  the  Sun,  he  would  immediately 
perceive  it  to  be  quite  dark,  and  the 
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leaft  Stars  would  be  feen  Alining  as  they 
do  in  the  cleared:  night;  and  the  Sun 
Immediately  before  his  fetting  would 
ihine  as  brisk  as  at  noon,  but  in  a 
moment,  as  foon  as  he  got  below  the 
horizon,  the  whole  hemifphere  of  the 
Earth  would  be  involved  in  as  great  a 
darknefs  as  if  it  were  midnight. 

* 

But  by  means  of  the  atmofphere  it 
happens,  that  while  the  Sun  is  above 
the  horizon,  the  whole  face  of  the  hea¬ 
vens  is  ftrongly  illuminated  by  its  rays, 
fo  as  to  obfcure  the  faint  light  of  the 
Stars,  and  render  them  invifible;  and 
after  Sun-fetting,  though  we  receive  no 
diredt  light  from  him,  yet  we  enjoy  its 
refledted  light  for  fome  time:  For  the 
atmofphere  being  higher  than  we]  are, 
is  a  longer  time  before  it  is  withdrawn 
from  the  Sun  (as  if  a  man  was  to  run 
to  the  top  of  a  fteeple,  he  might  fee  the 
Sun  after  it  had  been  fet  to  thofe  at  the 
bottom.)  The  rays  which  the  atmo¬ 
fphere  receives  from  the  Sun,  after  he  ig 
withdrawn  from  our  fight,  are  by  re- 
fradtion  faintly  tranfmitted  to  us;  until 
the  Sun  having  got  about  18  degrees 
below  the  horizon,  he  no  longer  en¬ 
lightens  our  atmofphere,  and  then  all 
that  part  thereof  which  is  over  us  be¬ 
comes 
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comes  dark.  After  the  fame  manner  in 
the  morning,  when  the  Sun  comes  with* 
in  18  degrees  of  our  horizon,  he  again 
begins  to  enlighten  the  atmofphere,  and 
fo  more  and  more  by  degrees,  until  he 
rifes  and  makes  full  day. 


This  fmall  illumination  of  the  atmo¬ 
fphere,  and  the  ftate  of  the  Heavens  be* 
tween  day  and  night,  is  called  the 

5*7  it  ^  1  or  Crepufi 

lights  or  the  Crepujculum .  cujuma 

The  duration  of  twilight  is  different 
in  different  climates,  and  in  the  fame 
place  at  different  times  of  the  year. 

The  beginning  or  ending  of  twilight 
being  accurately  given,  we  may  from 
thence  eafily  find  the  height  of  the  at- 
mofphere,  which  is  not  always  the  fame. 

The  mean  height  of  the  atmolphere  is 
computed  to  be  about  40  miles  5  but  it 
is  probable,  the  air  may  extend  itfelf  a 
great  deal  further,  there  being  properly 
no  other  limits  to  it,  as  we  can  conceive, 
but  as  it  continually  decreafes  in  denfity 
the  farther  remote  it  is  from  the  Earth3 
in  a  certain  ratio;  which  at  laft,  as  to 
our  conception,  rauft  in  a  manner  ter* 
ruinate. 
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SECT.  II. 


Geographical  Definitions. 

0/’  the  Situations  of  Places  upon  the 
Earth ;  of  the  different  Situations  of  its 
Inhabitants ,  of  Zones  and  Climates . 

THE  fituations  of  places  upon  the 
Earth,  are  determined  by  their 
Latitude  and  Longitude. 

i.  The  Latitude  of  any  place  (upon 
the  Earth)  is  its  neareft  diftance,  either 
North  or  South  from  the  Equator ;  and 

if  the  place  be  in  the  <  hemi- 

r  £  Southern  5 

fphere,  it  is  accordingly  called 

Latitude and  is  meafured  by  an  arch 
of  the  meridian  intercepted  betwixt  the 
zenith  of  the  faid  place,  and  the  equator* 
And  all  places  that  lie  on  the  fame  fide, 
and  at  the  fame  diftance  from  the  equa¬ 
tor. 


% 
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tor,  are  faid  to  be  in  the  fame  parallel 
of  latitude:  the  parallels  in  Geography , 
being  the  fame  with  the  parallels  of  de¬ 
clination  in  Aftronomy. 

From  this  definition  arife  the  follow¬ 
ing  Corollaries. 

(i.)  crhat  no  place  can  have  above  90 
degrees  of  latitude,  either  North  or  South . 

* 

(2.)  Thofe  places  that  lie  under  the 
equinoctial  (or  thro  which  the  equator 
paffes)  have  no  latitude ,  it  being  from 
thence  that  the  calculation  of  latitudes  is 
counted ;  and  thofe  places  that  lie  under 
the  Poles  have  the  greateft  latitude ,  thofe 
points  being  at  the  greateft  diftance  from 
the  equator . 

(3.)  The  latitude  of  any  place  is  al¬ 
ways  equal  to  the  elevation  of  the  Pole  in 
the  fame  place  above  the  horizon ;  and  is 
therefore  often  expreffed  by  the  Pole’s 
height ,  or  elevation  of  the  Pole $  the  rea - 
[on  of  which  is,  becaufe  from  the  equator 
to  the  Pole  there  is  always  the  diftance  f  of 
90  degrees ,  and  from  the  zenith  to  the  ho¬ 
rizon  the  fame  number  of  degrees,  edch  of 
thefe  including  the  diftance  from  the  ze¬ 
nith  to  the  Pole:  That  diftance  therefore 
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being  taken  away  from  both ,  will  leave 
the  diftance  from  the  zenith  to  the  equa¬ 
tor^  (which  is  the  latitude)  equal  to  the 
diftance  of  the  Pole  to  the  horizon . 

(4.)  Phe  elevation  of  the  equator  in  any 
place  is  always  equal  to  the  complement  of 
the  latitude  of  the  fame  place . 


(5.)  A  Jhip  failed  direSlly 

the  equator  \  ^eJfem  ?  ber  latitude , 
1  C  augments  3 

deprejjes 


(or 


raifes 


the  Pole)  juft  fo  much. 


as  is  her  diftance  failed . 


2.  Difference  of  latitude  is  the  neareft 
diftance  betwixt  any  two  parallels  of 
latitude,  fhewing  how  far  the  one  is  to 
the  Northward  or  Southward  of  the  o- 
ther,  which  can  never  exceed  1 80  degrees. 
And  when  the  two  places  are  in  the 
fame  hetnifphere  (or  on  the  fame  fide 
of  the  equator)  the  leffer  latitude  fub- 
trafted  from  the  greater,  and  when 
they  are  on  different  fides  of  the  equa¬ 
tor,  the  two  latitudes  added,  gives  the 
difference  of  latitude. 

The 
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3 .  The  Longitude  of  any  place  (upon Longitude* 
the  Earth)  is  ail  arch  of  the  equator* 
contained  betwixt  the  meridian  of  the 
given  place,  and  fome  fixed  or  known 
meridian  or,  it  is  equal  to  the  angle 
formed  by  the  two  meridians,  which 
properly  can  never  exceed  180  degrees, 
tho’  fometimes  the  Longitude  is  counted 
Eafterly  quite  round  the  globe. 

Since  the  meridians  are  all  moveable, 
and  not  one  that  can  be  fixed  in  the 
heavens,  (as  the  equino£tial  circle  is 
fixed,  from  whence  the  latitudes  of  all 
places  are  determined  to  be  fo  much 
either  North  or  South)  the  longitudes- 
of  places  cannot  fo  well  be  fixed  from 
any  other  meridian,  but  every  Geogra¬ 
pher  is  at  his  liberty  to  make  which  he 
pleafes  his  firft  meridian,  from  whence 
to  calculate  the  longitudes  of  other 
places.  Hence  it  is  that  geographers 
of  different  nations  reckon  their  lon¬ 
gitudes  from  different  meridians,  com¬ 
monly  choofing  the  meridian  palling 
through  the  metropolis  of  their  own 
country  for  their  firft:  Thus,  the  En~ 
glijh  geographers  generally  make  the 
meridian  of  London  to  be  their  firft,  the 
French  that  of  Parisy  and  the  Dutch 
that  of  Amjlerdam ,  &c.  and  mariners 

G  4  gene-* 


ST he  Defcription  and  life 

generally  reckon  the  longitude  from 
the  laft  known  land  they  faw.  This  ar¬ 
bitrary  way  of  reckoning  the  longitude 
from  different  places,  makes  it  neceflary, 
whenever  we  exprefs  the  longitude  of 
any  place,  that  the  place  from  whence  it 
is  counted  be  alfo  expreffed. 

From  the  preceding  definitions  arife 
the  following  corollaries : 

I  •  If  a  body  Jhould  fleer  direBly  North , 
or  dire  Elly  Souths  quite  round  the  globe , 
hell  continually  change  his  latitude-,  and 
pafs  through  the  two  Poles  oj  the  world \ 
without  de  viating  the  leaft  from  the  me¬ 
ridian  of  the  place  he  departed  from-,  and 
confequently  on  his  return  will  not  differ 
in  his  account  of  time  from  the  people  re- 

fding  in  the  faid  place . 

J  *v'  -•  ;  •  •  - 


2,  If  a  body  Jhould  fleer  round  the  globe, 
either  due  Raft,  or  due  Weft,  he'll  continu¬ 
ally  change  his  longitude,  but  will  go  quite 
round  without  altering  his  latitude -,  and 
if  his  c  our fe  jhould  he  due  Eafl ,  he'll  gain 
a  day  compleatly  in  his  reckoning ,  or  reckon 
one  day  more  than  the  inhabitants  of  the 
place  from  whence  he  departed-,  or  if  his 
courje  had  been  Weft ,  he  would  have  loft 
me  day ,  or  reckon  one  led. 

,v,  '  '  "  "  •  '  The 
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The  reafon  of  which  is  evident;  for 
admitting  our  traveller  fleets  due  Eaft 
fo  many  miles  in  one  day  as  to  make 
his  difference  of  longitude  equivalent 
to  a  quarter  of  an  hour  of  time,  it  is 
evident  that  the  next  day  the  Sun  will 
rife  to  him  a  quarter  of  an  hour  foon- 
er  than  to  the  inhabitants  of  the  place 
from  whence  he  departed ;  and  lo  daily, 
in  proportion  to  the  rate  he  travels, 
which  in  going  quite  round,  will  make 
up  one  natural  day.  In  like  manner, 
if  he  fleers  due  Well  after  the  fame  rate, 
he’ll  lengthen  each  day  a  quarter  of  an 
hour,  and  confequently  the  Sun  will 
rife  to  him  fo  much  later  every  day;  by 
which  means,  in  going  quite  round, 
he’ll  lofe  one  day  compleat  in  his  reck* 
oning.  From  whence  it  follows, 

3.  If  two  bodies  fhould  fet  out  from  the 
fame  place ,  one  fleeri  ng  Eafl ,  and  the  other 
Weft ,  and  fo  continue  their  courfes  quite 
round ,  until  they  arrive  at  the  place  from 
whence  they  fet  out ,  theyll  differ  two  days 
in  their  reckoning  at  the  time  of  their 
return . 

r  » 

4.  If  a  body  fhould  fleer  upon  an  oblique 
courfe  ( or  any  where  betwixt  the  meri¬ 
dian  and  the  Eaft  or  Weft  points)  hell 
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continually  change  both  latitude  and  longi¬ 
tude^  and  that  more  or  lefs ,  according  to  the 
courfe  he  fleers ;  and  if  he  Jhould  go  quite 
round  the  globe,  hell  differ  in  his  account 
of  time->  as  by  the  fecond  Coroh 

5.  The  people  ref  ding  in  the  Edfern- 
moft  of  any  two  places ,  will  reckon  their 
time  fo  much  the  fooner  than  thofe  who  live 
in  the  other  place ,  according  to  the  dif¬ 
ference  of  longitude  betwixt  the  two  places , 
allowing  one  hour  for  every  15  degrees , 
&c.  and  the  contrary. 

II.  Of  Zones  and  Climates^  &c» 

Zonestfor-  4.  Zones  are  large  trails  of  the  fur- 

ril^and^ace  ^ie  ^arth>  diftinguilhed  by  the 
tropics  and  polar  circles,  being  five  in 
number;  viz.  one  Torrid ,  two  Tempe¬ 
rate ,  and  two  Frigid . 

The  Torrid ,  or  Burning  Zone ,  is  all 
the  fpace  comprehended  between  the 
two  tropics;  the  ancients  imagined  this 
trail  of  the  Earth  to  be  uninhabitable, 
becaufe  of  the  exceflive  heat,  it  being  fo 
near  the  Sun.  All  the  inhabitants  of 
the  torrid  zone  have  the  Sun  in  their 
zenith,  or  exailly  over  their  heads  twice 
in  every  year;  excepting  thofe  who  live 

ex- 
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cxadtly  under  the  two  tropics,  where 
the  Sun  comes  to  their  zenith  only  once 
in  a  year. 

The  two  Temperate  Zones  lie  on  ei¬ 
ther  fide  of  the  globe,  between  the  tro¬ 
pics  and  the  polar  circles. 

The  two  Frigid  Zones  are  thofe  fpa- 
ces  upon  the  globe  that  are  included  be¬ 
tween  the  two  polar  circles. 

The  inhabitants  of  the  Earth  are  alfo 
diftinguifhed  by  the  diverfity  of  their 
Shadows  Thofe  who  live  in  the  torrid 
zone,  are  called  Amphifcians^  becaufej^/~ 
their  noon-fhadow  is  caft  different  ways/ 
according  as  the  Sun  is  to  the  north¬ 
ward  or  fouthward  of  their  zenith;  but 
when  the  Sun  is  in  their  zenith,  they 
are  called  Afcians.  Afcians . 


The  inhabitants  of  the  temperate 
zones,  are  called  Heterofcians ,  becaufe  Hetero- 
their  noon-fhadow  is  always  caft  the^aw* 
fame  way:  But  thofe  who  live  under  the 
tropics  are  called  Afcians  Heterofcians :  ^fa6nsHe 

JL  *  »/  J  *  t PYfit nn  c 

thole  who  live  in  the  frigid  zones  are  cal¬ 
led  Perifcians ,  becaufe  fometimes  their  ivy? 
ihadow  is  caft  round  about  them. 


tans. 


Thefe 
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Thefe  hard  names  are  only  Greek 
words,  importing  how  the  Sun  cafts 
the  fhadow  of  the  feveral  inhabitants 
of  the  Earth;  which  would  be  a  too 
trifling  diftinffion  to  be  made  here, 
was  it  not  for  the  fake  of  complying 
with  cuftom. 

The  inhabitants  of  the  Earth  are  alfo 
diftinguifhed  into  three  forts,  in  refpedt 
to  their  relative  fituation  to  one  another, 
and  thefe  are  called  the  Periceci ,  Antceci , 
and  Antipodes . 

5.  The  Periceci  are  thofe  who  live 
under  oppofite  points  of  the  fame  paral¬ 
lel  of  latitude.  They  have  their  fea- 
fons  of  the  year  at  the  fame  time,  and 
their  days  and  nights  always  of  the  fame 
length  with  one  another,  but  the  one's 
Noon  is  the  other's  Midnight ;  and  when 
fhe  Sun  is  in  the  equinoftial,  he  rifes 
with  the  one,  when  he  fets  with  the 
other.  Thofe  who  live  under  the  Poles 
have  no  Periceci . 

6.  The  Antceci  live  under  the  fame 
meridian,  and  in  the  fame  latitude,  but 
on  different  fides  of  the  equator;  their 
feafons  of  the  year  are  contrary,  and 

the  days  of  the  one  are  equal  to  the 

nights 


Se6t.  2.  Of  the  Globes.  93 

nights  of  the  other,  but  the  hour  of  the 
day  and  night  is  the  fame  with  both; 
and  when  the  Sun  is  in  the  equino&ial, 
he  rifes  and  fets  to  both  exactly  at  the 
fame  time.  Thofe  who  live  under  the 
equator  have  no  Antceci. 

7.  The  Antipodes  are  thofe  who  Yvk  Antipodes, 
diametrically  oppolite  to  one  another, 
ftanding,  as  it  were,  exaftly  feet  to 
feet:  Their  days  and  nights,  fummer 
and  winter,  are  at  direct  contrary 
times. 

The  furface  of  the  Earth  is  by  lome 
diftinguifhed  into  Climates . 

8*  A  Climate  is  a  tradl  of  the  fur -Qlmatet 
face  of  the  Earth,  included  between  two 
fuch  parallels  of  latitude,  that  the  length 
of  the  longed  day  in  the  one  exceeds 
that  in  the  other  by  half  an  hour, 

/  1 

The  whole  furface  of  the  Earth  is 
confidered,  as  being  divided  into  60  cli¬ 
mates,  viz.  from  the  equator  to  each  of 
the  polar  circles  24,  arifing  from  the 
difference  of  4  hour  in  the  length  of 
their  longed  days;  and  from  the  polar 
circles  to  the  Poles  themfelves,  are  fix, 
arifing  from  the  difference  of  an  entire 

month* 
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month,  the  Sun  being  feen  in  the  firft 
of thefe  a  whole  month  without  fetting; 
in  the  fecond  two  5  and  in  the  third, 
three  months,  &c.  Thefe  climates 
continually  decreafe  in  breadth,  the  far¬ 
ther  they  are  from  the  equator.  How 
they  are  framed,  viz.  the  parallel  of  la¬ 
titude  in  which  they  end  (that  being 
likewife  the  beginning  of  the  next)  with 
the  refpective  breadth  of  each  of  them, 
is  (hewed  in  the  following  table: 


A  TA 
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A  TABLE  of  the  Climates. 


Climates  between  the  Equator  and  the  Polar 

Circles . 
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16 

20 

63  22 

0  57 

5 

14  | 

36  28 

6  8 

17 

h!h 

C 

Cl 

64  6 

0  44 

6 

*5 

41  22 
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18 

21 
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19 
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8 

16 
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20 

22 
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9 
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21 
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lO 

17 
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2  29 

22 

2  3 
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0  14  I 

ii 
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56  37 

2  10 

23 

23  i 

66  28 

0  8 

12 

18 

58  29 

i  52 

24 

24 

66  31 
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Climates  between  the  Polar  Circles  and  the 

Poles . 


Length  of  Days. 

Latitude * 

Length  of  Days* 

Latitude • 

Months . 

D.  M* 

Months . 

D.  M. 

1  ' 

67  21 

1  4 

78  30 

l  O 

69  48 

5 
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00  00 
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III.  Of  the  Poetical  rifing  and  Jetting  of 

the  Stars . 

Cofmicaly  The  ancient  Poets  make  frequent 
Acronkal ,  mention  of  the  Stars  riling  and  letting, 
either  GofmicaHy>  Acronically ,  or  Helia - 
an tyetting.cally,  whence  thele  diftin6tions  are  cal- 
led  Poetical . 

A  Star  is  faid  to  or Cofmically i 
when  it  rifes  or  fets  at  Sun-rifing;  and 
when  it  rifes  or  fets  at  Sun-fetting,  it  is 
faid  to  rife  or  fet  Acronically .  A  Star  rifes 
Heliacally  y  when  firft  it  becomes  vifible, 
after  it  had  been  fo  near  the  Sun  as  to  be 
hid  by  the  fplendor  of  his  rays:  And  a 
Star  is  faid  tofet  Heliacally ,  when  it  is  firft 
immerfed,  or  hid  by  the  Suns  rays. 

Th zFixedStars,  and  the  three  fuperior 
Planets,  Mars ,  Jupiter ,  and  Saturn >  rife 
Heliacally  in  the  morning;  but  the  Moon 
rifes  Heliacally  in  the  evening,  becaufe 
the  Sun  is  fwifter  than  the  fuperior  Pla¬ 
nets,  and  flower  than  the  Moon 

IV  Of  the  furfdee  of  the  Earth,  conjiderei 

as  it  is  compofed  of  Land  and  Water . 

The  Earth  confifts  naturally  of  two 
parts.  Land  and  Water,  and  therefore 
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it  is  called  the  'Terraqueous  Globe .  Each 
of  thefe  elements  is  fubdivided  into 
various  forms  and  parts,  which  ac¬ 
cordingly  are  diftinguifhed  by  different 
names. 


I.  Of  the  Land \ 

The  land  is  diftinguifhed  into  Con¬ 
tinent  Iflands .  Penin/ulas ,  Iflhumuss , 
Promontories ,  Mountains ,  or  Goafs, 


9,  A  Continent  is  a  large  quantity  Continent* 
of  land,  in  which  many  great  countries 
are  joined  together,  without  being  fe~ 
parated  from  each  other  by  the  fea: 
fuch  are  Europe ,  Afia,  Africa ,  and  the 
vaft  continent  of  America ;  which  four 
are  the  principal  divifions  of  the  Earth. 

A  continent  is  fometimes  called  the 
Main  Land .  Mainland 


10.  An  Ijland  is  a  country,  or  por-fM^* 
tion  of  land,  environed  round  with 
water:  fuch  are  Great -Britain  and 
Ireland ;  Sardinia ,  Sicily  ^  &c.  in  the  ikfe- 
diterranean  Sea ;  the  IJles  of  Wight , 
glefey ,  &c.  near  England ,  Alfo  a  final! 
part  of  dry  land,  in  the  midft  of  a  ri¬ 
ver,  is  called  an  ifland,  when  compa¬ 
red  to  a  leffer,  is  called  the  continent; 

H  as; 
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as  if  we  compare  the  JJIe  of  Wight  to 
England ,  the  latter  may  be  properly  cal¬ 
led  the  continent. 

Peninfula .  it.  A  Peninfula  is  a  part  of  land 
aim  oft  environed  with  water,  fave  one 
narrow  neck  adjoining  it  to  the  conti¬ 
nent;  or  which  is  aim  oft  an  ifland:  fuch 
is  Denmark  joining  to  Germany ;  alfo 
Africa  is  properly  a  large  peninfula  join¬ 
ing  to  Ajia. 

jjibnms .  i2.  An  Ifhmus  is  a  narrow  neck  of 

land  joining  a  peninfula  to  the  conti¬ 
nent;  as  the  Iflhmus  of  Sues ,  which  joins 
Africa  to  Afia,  that  of  Panama ,  joining 
North  and  South  America ,  &c. 

13.  A  Promontory  is  a  high  part  of 
land  ftretching  out  into  the  fea,  and  is 
often  called  a  Cape  or  Headland:  fuch 
is  the  Cape  of  Good  Hope  in  the  South 
of  Africa ;  Cape  Finijlre  on  the  Weft 
of  Spain ;  alio  the  Lizard  Pointy  and 
the  Lanas  End ,  are  two  Capes  or  Head- 

Mountain  ^anas  on  the  Weft  of  England.  A  Moun¬ 
tain  is  a  high  part  of  land  in  the  mid  ft 
of  a  country,  over  topping  the  adja¬ 
cent  parts. 


14 
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14.  A  Coafi  or  Shore  is  that  part  of  A  Coafi  ot 
land  which  borders  upon  the  fea,  whe-^em 
ther  it  be  in  iflands  or  a  continent:  And 

that  part  of  the  land  which  is  far  dif* 
tant  from  the  fea,  is  called  the  Inland jniand. 
Country .  Thefe  are  the  ufual  diftinc- 
tions  of  the  land, 

The  Water  is  diftinguifhed  into 
Oceans ,  Seas ,  Lakes ,  Gulfs ,  Straits ,  and 
Rivers. 

15.  The  Ocean ,  or  Main  Sea ,  is  a  The  Ocean, 
vaft  fp reading  collection  of  water,  not°svmMmn 
divided  or  feparated  by  lands  running 
between ;  fuch  is  the  Atlantic  or  Wejlern 
Ocean ;  between  Europe  and  America ; 

the  Pacific  Ocean ,  or  South  Sea ,  &c, 

Afofr,  Thofe  parts  of  the  ocean 
which  border  upon  the  land,  are  called 
by  various  names,  according  to  thofe 
of  the  adjacent  countries;  as,  the  Brit - 
z/6  the  Irijh  Sea ,  the  French  and 
Spanifih  Sea . 

16.  A  Ltf/h?  is  a  collection  of  deep^Zo?*, 
(landing  water,  inclofed  all  round  with 
land,  and  not  having  any  vifible  and 
open  communication  with  the  fea:  But 
when  this  lake  is  very  large,  it  is  com- 

H  2  manly 
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monly  called  a  fea;  as  the  Cafpian  Sea 
in  Apia,  &c. 

17.  A  Gulf  is  a  part  of  the  fea  al- 
moft  encompaffed  with  land,  or  that 
which  runs  up  a  great  way  into  the 
land;  as,  the  Gulf  of  Venice^  &c  But  if 
it  be  very  large,  tis  rather  called  an  In¬ 
land  Sea  y  as  the  Baltic  Sea ,  the  Mediter¬ 
ranean  Sea ,  the  Red  Sea ,  or  the  Arabian 
Gulf  &c.  And  a  fmall  part  of  fea  thus 
environed  with  land  is  ufually  called 
a  Bay .  If  it  be  but  a  very  fmall  Part,  or, 
as  it  were,  a  fmall  arm  of  the  fea,  that 
runs  but  a  few  miles  between  the  land, 

it  is  called  a  Creek  or  Haven . 

\  \ 

t 

18.  A  Strait  is  a  narrow  paffage  ly¬ 
ing  between  two  iliores,  whereby  two 
Teas  are  joined  together;  as,  the  Straits 
of  Dover ,  between  the  Britijh  Channel 
and  the  German  Sea;  the  Straits  of  Gib- 
r alter ,  between  the  Atlantic  and  the  Me¬ 
diterranean  Sea.  The  Mediterranean  it- 
felf  is  alfo  fometimes  called  the  Straits. 

t 

Thefe  are  all  the  neceflary  terms 
commonly  ufed  in  Geography *  The 
names  of  the  feveral  countries  and  Teas, 
and  all  the  principal  divifions  of  the 
Earth,  the  reader  will  find  exprefled 

upon 
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upon  the  Terreftrial  Globes.  To  give 
a  tolerable  account  of  the  produce  of 
each  country,  the  genius  of  the  people, 
their  political  inflitutions,  &c.  is  pro¬ 
perly  a  particular  fubjedl  of  itfelf,  and 
quite  foreign  to  our  defign.  We  fhall 
next  proceed  to  the  ufe  of  the  Globes; 
but  firft  it  may  not  be  amifs  to  take  a 
fhort  review  of  their  appurtenances. 

Thoie  circles  of  the  fphere  that  are 
fixed,  are  (as  has  been  already  faid) 
drawn  upon  the  Globes  themfelves;  thofe 
that  are  moveable ,  are  fupplied  by  the 
Brafs  Meridian ,  the  Wooden  Horizon , 
and  the  Quadrant  of  Altitude, 

i.  That  fide  of  the  Brazen  Meridian y  Brafs  Me - 
which  is  divided  into  degrees,  reprefents‘  wW* 
the  true  Meridian ;  this  fide  is  com¬ 
monly  turned  towards  the  Eaft?  and  his 
uiual  to  place  the  globe  fo  before  you, 
that  the  North  be  to  the  right-hand, 
and  the  South  to  the  left.  The  me¬ 
ridian  is  divided  into  4  quadrants,  each 
being  90  degrees,  two  of  which  are 
numbered  from  that  part  of  the  equi¬ 
noctial,  which,  is  above  the  horizon,  to¬ 
wards  each  of  the  Poles;  the  other  two 
quadrants  are  numbered  from  the  Poles 
towards  the  equator.  The  reafon  why 

H  3  two 
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two  quadrants  of  the  meridian  are  num¬ 
bered  from  the  equator,  and  the  other 
two  from  the  Poles,  is  becaufe  the  for-* 
mer  of  thefe  two  ferve  to  (hew  the  dis¬ 
tance  of  any  point  on  the  globe  from  the 
equator,  and  the  other  to  elevate  the 
globe  to  the  latitude  of  the  place. 

2.  The  upper  fide  of  the  wooden 

%orfzon  ^rame  ca^ed  the  Wooden  Horizon ;  re- 
m  n'  prefents  the  true  horizon;  the  circles 
drawn  upon  this  plane  have  been  alrea¬ 
dy  deferibed;  we  may  obferve,  that  the 
firft  point  of  is  the  Eaft,  and  the  op¬ 
posite  being  the  firft  point  of  =£=  is  the 
Weft,  the  meridian  palling  through  the 
North  and  South  points. 

Quadrant  3.  The  Quadrant  of  Altitude  is  a 
of Aintude. £exibie  plate  of  thin  brafs,  having  a  nut 

and  Screw  at  one  end,  to  be  fattened  to 
the  meridian  of  either  globe,  as  occafion 
requires.  The  edge  of  this  quadrant 
which  has  the  graduations  upon  it,  cal¬ 
led  the  fiducial  edge,  is  that  which  is  al¬ 
ways  meant  whenever  we  make  mention 
of  the  quadrant  of  altitude. 

Hour  dr-  4.  The  Horary  or  Hour  Circle^  isdi- 
du  vided  into  twice  twelve  hours,  the  two 
Niks  coinciding  with  the  meridian;  the 

upper- 
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uppermoft  XII  is  that  at  Noon,  and  the 
lowermoft  towards  the  horizon  is  XII 
at  Night.  The  hours  on  the  Eaji  fide 
of  the  meridian  are  the  Morning  Hours a 
and  thofe  on  the  Weft  fide  the  Hours  af¬ 
ter  Noon .  The  axis  of  the  globe  car¬ 
ries  round  the  Hand  or  Index  which 
points  the  hour,  and  pafles  through  the 
center  of  the  hour  circle. 

The  things  above  defcribed  are  com¬ 
mon  to  both  globes;  but  there  are  forne 
others  which  are  peculiar  or  proper  to 
one  fort  of  globe.  The  two  Cohires ,  and 
the  Circles  of  Latitude  from  the  eclip¬ 
tic,  belong  only  to  the  Celeftial  Globes ; 
alfo  the  ecliptic  itfelf  does  properly  be- 
'  long  only  to  this  globe,  tho’  it  is  always 
drawn  on  theTerreftrial,  for  the  fake  of 
thofe  that  might  not  have  the  other  globe 
by  them.  The  equinoctial  on  the  celeftial 
globe  is  always  numbered  into  360  de¬ 
grees,  beginning  at  the  equinoCtial  point 
r ;  but  on  the  terreftrial,  it  is  arbitrary, 
where  thefe  numbers  commence,  accord¬ 
ing  to  the  meridian  of  what  place  you 
intend  for  your  fir  ft;  and  the  degrees 
may  be  counted  either  quiteroundtojbo, 
or  both  ways,  kill  they  meet  in  the  op« 
pofite  part  of  the  meridian,  at  180. 

H  4 
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SEC  T.  III.  ■ 

The  USE  of  the  Globes. 

Problem  I.  To  find  the  Latitude  and 
Longitude  of  any  given  Place  upon  the 
Globe*,  and  on  the  contrary ,  the  Lati¬ 
tude  and  Longitude  being  given,  to  find 
the  Place . 

i ,  npUKN  the  globe  round  its  axis5 
J  ’till  the  given  place  lies  exa&ly 
under  the  (Eaftern  fide  of  the  brafs) 
meridian,  then  that  degree  upon  the 
meridian,  which  is  diredtly  over  it,  is  the 
Latitude ;  which  is  accordingly  North  or 
South,  as  it  lies  in  the  Northern  or 
Southern  hemifphere,  the  globe  remain¬ 
ing  in  the  fame  pofitiom 

That  degree  upon  the  equator  which, 
is  cut  by  the  brazen  meridian,  is  the 
Longitude  required  from  the  ft  ft  meri¬ 
dian  upon  the  globe.  If  the  longitude 
is  counted  both  ways  from  the  firfl  me¬ 
ridian, 

.  ,  ,  .  f 
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ridian  upon  the  globe,  then  we  are  to 
confider,  whether  the  given  place  lies 
Eafterly  or  Wefterly  from  the  firft  me¬ 
ridian,  and  the  longitude  mu  ft  be  ex- 
preffed  accordingly. 

The  Latitudes  of  the  following  pla¬ 
ces:  and  upon  a  globe  where  the  longi¬ 
tude  is  reckoned  both  ways  from  the  me¬ 
ridian  of  London ,  their  longitudes  will 
be  found. as  follow: 

Latitude .  Longitude . 

Deg.  Deg, 

Rome  -  -  -  41  2.  North.  13  Eaft. 
Paris  -  -  -  48  N.  2  4.  E. 

Mexico  ---  20  N.  102  W. 

Cape  Horn  -  58  S.  80  W, 

2.  The  Latitude  and  Longitude  being  gi¬ 
ven  to  find  the  Place , 

Seek  for  the  given  longitude  in  the 
equator,  and  bring  that  point  to  the 
meridian;  then  count  from  the  equa¬ 
tor  on  the  meridian  the  degree  of  lati¬ 
tude  given,  towards  the  ardtic  and  au¬ 
tarkic  Pole,  according  as  the  latitude  is 
Northerly  or  Southerly,  and  under  that 
degree  of  latitude  lies  the  Place  required. 
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Prob.  II.  To  find  the  Difference  of  Lati¬ 
tude  betwixt  any  two  given  Places . 

Bring  each  of  the  places  propofed 
fucceffively  to  the  meridian,  and  obferve 
where  they  interledt  it,  then  the  number 
of  degrees  uponthe  meridian,  contained 
between  the  two  interledrions,  will  be  the 
Difference  of  Latitude  required.  Or,  if 
the  places  propofed  are  on  the  fame  fide 
of  the  equator,  having  firffc  found  their 
latitudes,  fubtradt  the  leffer  from  the 
greater;  but  if  they  are  on  contrary  fides 
of  the  equator,  add  them  both  together, 
and  the  difference  in  the  firffc  cafe,  and 
the  fum  in  the  latter,  will  be  the  dif¬ 
ference  of  latitude  required. 

Thus  the  difference  of  latitude  be¬ 
twixt  London  and  Rome  will  be  found  to 
be  9  ±  degrees;  betwixt  Paris  and  Cape 
Bona  Efperance  83  degrees. 

Prob.  III.  To  find  the  Difference  of  Lon¬ 
gitude  betwixt  any  two  given  Places . 

Bring  each  of  the  given  places  fuc¬ 
ceffively  to  the  meridian,  and  fee  where 
the  meridian  cuts  the  equator  each  time; 
the  number  of  degrees  contained  be¬ 
twixt  thofe  two  points,  if  it  be  kfs  than 
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180  degrees,  otherwife  the  remainder 
to  360  degrees,  will  be  the  difference  of 
longitude  required.  Or, 

Having  brought  one  of  the  given  pla¬ 
ces  to  the  meridian,  bring  the  index  of 
the  hour  circle  to  12  o’clock;  then  hav¬ 
ing  brought  the  other  place  to  the  me¬ 
ridian,  the  number  of  hours  contained 
between  the  place  the  index  was  firft 
fet  at,  and  the  place  where  it  now  points, 
is  the  difference  of  longitude  in  time  be¬ 
twixt  the  two  places. 

Thus  the  difference  of  longitude  be¬ 
twixt  Rome  and  Conjlantinople  will  be 
found  to  be  19  degrees,  or  1  hour  and 
a  quarter;  betwixt  Mexico  and  Pekin  in 
China ,  240  degrees,  or  9  4  hours. 

Prob.  IV.  Any  Place  being  given  to  find 
all  thofie  Places  that  are  in  the  fame 
Latitude  with  the  fame  Place . 

The  latitude  of  any  given  place  be¬ 
ing  marked  upon  the  meridian,  turn 
the  globe  round  its  axis,  and  all  thofe 
places  that  pafs  under  the  fame  mark 
are  in  the  fame  latitude  with  the  given 
place,  and  have  their  days  and  nights  of 
equal  lengths.  And  when  any  place 

Is 
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•  is  brought  to  the  meridian,  all  the  in¬ 
habitants  that  lie  under  the  upper  femi- 
circle  of  it,  have  their  Noon  or  mid¬ 
day  at  the  fame  point  of  abfolute  time 
exactly. 

Prob.  V.  The  day  of  the  Month  being 
given ;  to  find  the  Suns  Place  in  the  . 
Ecliptic ,  and  his  Declination . 

i .  To  find  the  Suns  Place :  Look  for 
the  day  of  the  month  given  in  the  ka- 
lendar  of  months  upon  the  horizon,  and 
right  againft  it  you’ll  find  that  fign  and 
degree  of  the  ecliptic  which  the  Sun  is 
in.  The  Sun’s  place  being  thus  found* 
look  for  the  fame  in  the  ecliptic  line 
which  is  drawn  upon  the  globe,  and 
bring  that  point  to  the  meridian,  then 
that  degree  of  the  meridian,  which  is 
direftly  over  the  Sun’s  place,  is  the  De¬ 
clination  required;  which  is  accordingly 
either  North  or  South,  as  the  Sun  is  in 


the  Northern 

or 

Southern 

figns. 

Thus, 

Suns  Place . 

Declination. 

Deg, 

Min. 

Deg. 

Min. 

April  23 

b 

3 

00 

iz 

32  N. 

July  31 

a 

7 

51 

1 8 

20  N. 

0  Bober  26 

nj. 

2 

49 

1 2 

28  S. 

January  20 

/v-w 

/*W 

0 

49 

20 

07  s. 

0 

Pros. 
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Prob.  VI.  To  rectify  the  Globe  for  the 

Latitude ,  Zenith ,  and  the  Suns  Place . 

1.  For  the  Latitude:  If  the  place  be 
in  the  Northern  hemifphere,  raife  the 
ardic  Pole  above  the  horizon ;  but  for 
the  South  latitude  you  muft  raife  the 
antardic;  then  move  the  meridian  up 
and  down  in  the  notches,  until  the  de¬ 
grees  of  the  latitude  counted  upon  the 
meridian  below  the  Pole,  cuts  the  hori- 
rizon,  and  the  globe  is  adj  lifted  to  the 
latitude. 

2.  To  reSlify  the  Globe  for  the  Zenith: 
Having  elevated  the  globe  according  to 
the  latitude,  count  the  degrees  thereof 
upon  the  meridian  from  the  equator, 
towards  the  elevated  Pole,  and  that 
point  will  be  the  zenith  or  the  vertex 
of  the  place;  to  this  point  of  the  meri¬ 
dian  fatten  the  quadrant  of  altitude,  fo 
that  the  graduated  edge  thereof  may  be 
joined  to  the  faid  point. 

3 .  Bring  the  Sun’s  place  in  the  eclip¬ 
tic  to  the  meridian,  and  then  fet  the 
hour  index  to  XII  at  Noon,  and  the 
globe  will  be  redified  to  the  Suns  Place . 
If  you  have  a  little  mariner’s  compafs, 
the  meridian  of  the  globe  may  be  eafily 
fet  to  the  meridian  of  the  place* 
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Prob.  VII.  To  find  the  Diftance  between 
any  two  given  places  upon  the  Globe , 
and  to  find  all  thofe  places  upon  the 
globe  that  are  at  the  fame  dijiance  from 
a  given  place 

Lay  the  quadrant  of  altitude  over 
both  the  places,  and  the  number  of  de¬ 
grees  intercepted  between  them  being  re¬ 
duced  into  miles,  will  be  the  diftance 
required:  Or,  you  may  take  the  diftance 
betwixt  the  two  places  with  a  pair  of 
eompafles,  and  applying  that  extent  to 
the  equator,  you’ll  have  the  degrees  of 
diftance  as  before. 

Note,  A  geographical  mile  is  the  -6-Vth 
part  of  a  degree;  whereof  if  you  mul¬ 
tiply  the  number  of  degrees  by  60,  the 
product  will  be  the  number  of  geogra-* 
phical  miles  of  diftance  fought  ;  but  to 
reduce  the  fame  into  Englifh  miles,  you 
muft  multiply  by  70,  becaufe  about  70 
Englifh  miles  make  a  degree  of  a  great 
circle  upon  the  fuperficies  of  the  Earth. 

Thus,  the  diftance  betwixt  London 
and  Rome  will  be  found  to  be  about  13 
degrees,  which  is  780  geographical 
miles. 


If 
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If  you  rectify  the  globe  for  the  lati¬ 
tude  and  zenith  of  any  given  place,  and 
bring  the  faid  place  to  the  meridian; 
then  turning  the  quadrant  of  altitude 
about,  all  thofe  places  that  are  cut  by 
the  fame  point  of  it,  are  at  the  lame 
diftance  from  the  given  place, 

Prob.  VIII.  To find  the  angle  of  pofition 
of  Places ,  or  the  angle  formed  by  the 
meridian  of  one  Place ,  and  a  great  cir¬ 
cle  pqjfing  through  both  the  Places . 

Having  re£lified  the  globe  for  the 
latitude  and  zenith  of  one  of  the  given 
places,  bring  the  faid  place  to  the  me¬ 
ridian,  then  turn  the  quadrant  of  alti¬ 
tude  about,  until  the  fiducial  edge 
thereof  cuts  the  other  place,  and  the 
number  of  degrees  upon  tbo  horizon, 
contained  between  the  faid  edge  and  the 
meridian,  will  be  the  angle  of  pofition 
fought. 

Thus,  the  angle  of  pofition  at  the  Li¬ 
zard,  between  the  meridian  of  the  Li¬ 
zard  and  the  great  circle,  palling  from 
thence  to  Barbadoes  is  69  degrees  South- 
Wefterly;  but  the  angle  of  pofition  be¬ 
tween  the  fame  places  at  Barbadoes ,  is 
but  38  degrees  North-Eafterly, 
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SCHOLIUM . 

The  angle  of  pofition  between  two 
places  is  a  different  thing  from  what  is 
meant  by  the  bearings  of  places;  the 
Bearings  of  two  places  is  determined  by 
a  fort  of  fpiral  line,  called  a  Rhumb 
Line ,  paffing  between  them  in  fuch  a 
manner,  as  to  make  the  fame  or  equal 
angles  with  all  the  meridians  through 
which  it  paffeth;  but  the  angle  or  po - 
fit  ion  is  the  very  fame  thing  with  what 
we  call  the  azimuth  in  aftronomy, 
both  being  formed  by  the  meridian  and 
a  great  circle  palling  thro’  the  zenith 
of  a  given  place  in  the  heavens,  then 
called  the  azimuth,  or  upon  the  Earth, 
then  called  the  angle  of  pofition. 

From  hence  may  be  fhewed  the  error 
of  that  geographical  paradox,  viz.  If 
a  place  A  bears  from  another  B  due 
Weft,  B  fhall  not  bear  from  A  due  Baft. 

I  find  this  paradox  vindicated  by  an 
author,  who  at  the  fame  time  gives  a 
true  definition  of  a  rhumb  line:  But 
his  arguments  are  un geometrical ;  for 
if  it  he  admitted  that  the  Eaft  and  - 
Weft  lines  make  the  fame  angles  with 
all  the  meridians  through  which  they 
pafs,  it  will  follow  that  thefe  lines  are 

th<Y 
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the  parallels  of  latitude:  For  any  pa¬ 
rallel  of  latitude  is  the  continuation  of 
the  furface  of  a  Cone,  whofe  Tides  are  the 
radii  of  the  fphere,  and  circumference 
of  its  bafe  the  faid  parallel;  and  it  is  evi¬ 
dent,  that  all  the  meridians  cut  the 
faid  furface  at  right  (and  therefore  at 
equal)  angles;  whence^  it  follows,  that 
the  rhumbs  of  Eaft  and  Weft  are  the 
parallels  of  latitude,  though  the  cafe 
may  feem  different,  when  we  draw 
inclining  lines  (like  meridians)  upoit 
paper,  without  carrying  our  ideas  any 
farther. 

Prob.  IX.  To  find  the  Anted,  Periceci2 
and  Antipodes  to  any  given  place* 

Bring  the  given  place  to  the  meridian; 
and  having  found  its  latitude,  count  the 
fame  number  of  degrees  on  the  meri- 
ridian  from  the  equator  towards  the  con¬ 
trary  Pole,  and  that  will  give  the  place 
of  the  Antoeci .  The  globe  being  ftili 
in  the  fame  pofition,  fet  the  hour  index 
to  XII  at  noon,  then  turn  the  globe  a- 
bout  "till  the  index  points  to  the  lower 
XII;  the  place  which  then  lies  under  the 
meridian,  having  the  fame  latitude 
with  the  given  place,  is  the  Periceci  re¬ 
quired.  As  the  globe  now  ftands,  th@ 
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Antipodes  of  the  given  place  are  under 
the  fame  point  of  the  meridian,  that  its 
Antceci  flood  before:  Or,  if  you  reckon 
180  degrees  upon  the  meridian  from 
the  given  place,  that  point  will  be  the 
Antipodes .  Let  the  given  place  be  Lon - 
don ,  in  the  latitude  of  51  4.  degrees 
North,  that  place  which  lies  under  the 
fame  meridian  and  the  latitude  51  4. 
degrees  South,  is  the  Antceci \  that  which 
lies  in  the  fame  parallel  with  London ,  and 
180  degrees  of  longitude  from  it,  is  the 
Periceciy  and  the  Antipodes  is  the  place 
whofe  longitude  from  London  is  180 
degrees,  and  latitude  51  4  degrees 
South, 


Prob.  X.  The  Hour  of  the  Day  at  one 
place  being  given ;  to  find  the  correspon¬ 
dent  Hour  ( or  what  d Clock  it  is  at  that 
time )  in  any  other  place. 


The  difference  of  time  betwixt  two 
places  is  the  fame  with  their  difference 
of  longitude 5  wherefore  having  found 
their  difference  of  longitude,  reduced 
into  time  (by  allowing  one  hour  for 
every  15  degrees,  &c>)  and  if  the  place 
where  the  hour  is  required  lies 


\  Eafterly 
/  Wefterly 


from  the  place  where  the 


% 


hour 
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hour  is  given,  the  differ- 

ence  of  longitude  reduced  into  time 

^from^  the  hour  given  j  and  the  fum 

or  remainder  will  accordingly  be  the 
hour  required.  Or, 


f  (  ,  > 

Having  brought  the  place  at  which 
the  hour  is  given  to  the  meridian,  fet 
the  hour  index  to  the  given  hour  1  then 
turn  the  globe  about  until  the  place 
where  the  hour  is  required  comes  to  the 
meridian,  and  the  index  will  point  out 
the  hour  at  the  faid  place. 


r  J*  '  ->  ' "  . 

Thus  when  it  is  Noon  at  London ,  it  is 

H.  M. 


cRome  -  --  --  — ■  o 
.  A  Confiantinopk  -  -  -  2 
1  Vera-Cruz  -  -  -  -  5 
L  Pekin  in  China  -  -  7 


52  P.  M. 
07  P.  M, 
30  A.  M. 
50  P.  M. 


Prob.  XI.  The  Day  of  the  Month  being 
given ,  to  find  thofe  places  on  the  globe 
where  the  Sun  will  be  Vertical^  or  in 
the  Zenith >  that  day , 

Having  found  the  Sun’s  place  in  the 
ecliptic,  bring  the  fame  to  the  meridian, 

and  note  the  degree  over  it;  then  turn- 
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ing  the  globe  round,  all  places  that  pafs 
under  that  degree  will  have  the  Sun  ver¬ 
tical  that  day, 

Prob.  XII.  A  place  being  given  in  the 
Torrid  Zone,  to  find  thofe  two  Days 
in  which  the  Sun  Jhall  be  Vertical  to  the 

Bring  the  given  place  to  the  meridian, 
and  mark  what  degree  of  latitude  is 
exactly  over  it 5  then  turning  the  globe 
about  its  axis,  thofe  two  points  of  the 
ecliptic,  which  pafs  exactly  under  the 
laid  mark,  are  the  Sun’s  place;  againft 
which,  upon  the  wooden  horizon,  youll 
have  the  days  required, 

Prob.  XIIL  To  find  where  the  Sun  is 
Vertical  dt  any  given  time  ajjigned ;  or 
the  Day  of  the  Month  and  the  Hour  at 
any  Place  (fuppofe  London)  being  gi¬ 
ven  y  to  find  in  what  place  the  Sun  is 
Vertical  at  that  very  time . 

Having  found  the  Sun’s  declination, 
and  brought  the  firft  place  (London )  to 
the  meridian,  fet  the  index  to  the  given 
hour,  then  turn  the  globe  about  until 

to  XII  at  noon;  which 
place  upon 

which 


trie  index  points 
being  done,  that 
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which  ftands  under  the  point  of  the  Sun’s 
declination  upon  the  meridian,  has  the 
Sun  that  moment  in  the  Zenith. 

Prob.  XIV.  "The  Day ,  and  the  Hour  of 
the  Day  at  one  place ,  being  given ;  to 
find  ail  thofe  places  upon  the  Earthy 
where  the  Sun  is  then  Rifingy  Setting , 
Culminating  ( or  on  the  meridian )  alfo 
where  it  is  Day-light ,  ‘Twilight ,  Dark 
Night ,  Midnight ;  where  the  Twilight 
then  begins ,  and  where  it  ends ;  the 
height  of  the  Sun  in  any  part  of  the  il¬ 
luminated  hemifphere ;  alfo  his  depr ef¬ 
fort  in  the  obfcure  hemifphere . 

Having  found  the  place  where  the  Sim 
is  vertical  at  the  given  hour,  redtify  the 
globe  for  that  latitude,  and  bring  the 
faid  place  to  the  meridian. 

Then  all  thofe  places  that  are  in  the 
Weftern  femicircle  of  the  horizon,  have 
the  Sun  rifing  at  that  time. 

Thofe  in  the  Eaftern  femicircle  have 
it  fetting. 

To  thofe  who  live  under  the  upper  fe¬ 
micircle  of  the  meridian,  it  is  12  o’clock 
at  noon.  And, 

I  3  Thofe 
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Thofe  who  live  under  the  lower 
femicircle  of  the  meridian,  have  it  at 
midnight. 

All  thofe  places  that  are  above  the 
horizon,  have  the  Sun  above  them,  juft 
fo  much  as  the  places  themfelves  are 
diftant  from  the  horizon;  which  height 
may  be  known  by  fixing  the  quadrant 
of  altitude  in  the  zenith,  and  laying  it 
over  any  particular  place. 

In  all  thofe  places  that  are  1 8  degrees 
below  the  Weftern  fide  of  the  horizon, 
the  twilight  is  juft  beginning  in  the 
morning,  or  the  day  breaks.  And  in 
all  thofe  places  that  are  1 8  degrees  be¬ 
low  the  Eaftern  fide  of  the  horizon, 
the  twilight  is  ending,  and  the  total 
darknefs  beginning. 

The  twilight  is  in  all  thofe  places 
whofe  depreffion  below  the  horizon  does 
not  exceed  18  degrees.  And, 

All  thofe  places  that  are  lower  than 
1 8  degrees,  have  dark  night. 

The  depreffion  of  any  place  below  the 
horizon  is  equal  to  the  altitude  of  its 
Antipodes ,  which  may  be  eafily  found  by 
the  quadrant  of  alitude. 

v  e.  r I  n*  *  '  *■  . 
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Prob.  XV.  The  Day  of  the  Month  being 
given ;  to  fhow,  at  one  view,  the  length 
of  Days  and  Nights  in  all  places  upon 
the  Earth  at  that  time ;  and  to  explain 
how  the  viciffitudes  of  Day  and  Night 
are  really  made  by  the  motion  of  the 
Earth  round  her  axis  in  24.  fours,  the 
Sun  funding  fill. 

The  Sun  always  illuminates  one  half 
of  the  globe,  or  that  hemifphcre  which 
is  next  towards  him,  while  the  other 
remains  in  darknefs:  And  if  (as  by  the 
laft  problem)  we  elevate  the  globe  ac¬ 
cording  to  the  Sun’s  place  in  the  ecliptic, 
it  is  evident,  that  the  Sun  (he  being  at 
an  immenfe  diftance  from  the  Earth) 
illuminates  all  that  hemifphere,  which 
is  above  the  horizon;  the  wooden  hori¬ 
zon  itfelf,  will  be  the  circle  terminating 
light  and  darknefs;  and  all  thofe  pla¬ 
ces  that  are  below  it,  are  wholly  depri¬ 
ved  of  the  folar  light. 

The  globe  {landing  in  this  pofition, 
thofe  arches  of  the  parallels  of  latitude 
which  {land  above  the  horizon,  are  the 
Diurnal  Arches ,  or  the  length  of  the 
day  in  all  thofe  latitudes  at  that  time 
of  the  year;  and  the  remaining  parts  of 
thofe  parallels,  which  are  below  the 

1 4  hori- 
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horizon,  are  the  Nocturnal  Arches ,  or 
the  length  of  the  night  in  thofe  places. 
The  length  of  the  diurnal  arches  may  be 
found  by  counting  how  many  hours  are 
contained  between  the  two  meridians, 
cutting  any  parallel  of  latitude,  in  the 
Eaftern  and  Weftern  parts  of  the  horizon. 

In  all  thofe  places  that  are  in  the 
Weftern  femicircle  of  the  horizon,  the 
Sun  appears  riling:  For  the  Sun,  {land¬ 
ing  {till  in  the  vertex  (or  above  the  brafs 
meridian)  appears  Eafterly,  and  90  de¬ 
grees  diftant  from  all  thofe  places  that  are 
in  the  Weftern  femicircle  of  the  horizon ; 
and  therefore  in  thofe  places  he  is  then 
rifing.  Now,  if  we  pitch  upon  any 
particular  place  upon  the  globe,  and 
and  bring  it  to  the  meridian,  and  then 
bring  the  hour  index  to  the  lower  12, 
which  in  this  cafe,  well  fuppofe  to  be  1 2 
at  noon;  (becaufe  other  wife  the  numbers 
upon  the  hour  circle  will  not  anfwer  our 
purpofe)  and  afterwards  turn  the  globe 
about,  until  the  aforefaid  place  be  brought 
to  the  Weftern  fide  of  the  horizon;  the 
index  will  then  {hew  the  time  of  the 
Sun  rifing  in  that  place.  Then  turn 
the  globe  gradually  about  from  Weft 
to  Eaft,  and  minding  the  hour  index, 
we  {hall  fee  the  progrels  made  in  the 
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day  every  hour,  in  all  latitudes  upon 
the  globe,  by  the  real  motion  of  the 
Earth  round  its  axis;  until,  by  their  con¬ 
tinual  approach  to  the  brafs  meridian 
(over  which  the  Sun  ftands  ftill  all  the 
while)  they  at  laft  have  noon  day,  and 
the  Sun  appears  at  the  higheft;  and  then 
by  degrees,  as  they  move  Eafterly  the 
Sun  feems  to  decline  Weftward,  until, 
as  the  places  fucceffively  arrive  in  the 
Eaftern  part  of  the  horizon,  the  Sun  ap¬ 
pears  to  fet  in  the  Weftern:  For  the 
places  that  are  in  the  horizon,  are  90 
degrees  diftant  from  the  Sun.  We  may 
obferve,  that  all  places  upon  the  Earth, 
that  differ  in  latitude,  have  their  days  of 
different  length  (except  when  the  Sun 
is  in  the  equinoctial)  being  longer  or 
fhorter,  in  proportion  to  what  part  of 
the  parallels  ftands  above  the  horizon. 
Thofe  that  are  in  the  fame  latitude,  have 
their  days  of  the  fame  length;  but  have 
them  commence  fooner  or  later,  accord¬ 
ing  as  the  places  differ  in  longitude. 

Pros.  XVI.  cio  explain  in  general  the 
alteration  of  Seafons ,  or  length  of  the 
Days  and  Nights  made  in  all  places  of 
the  IV mid,  by  the  Sims  ( or  the  Earth's ) 
annual  motion  in  the  Ecliptic . 

It 
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It  has  been  fhewed  in  the  laft  pro¬ 
blem,  how  to  place  the  globe  in  fuch  a 
pofition  as  to  exhibit  the  length  of  the 
diurnal  and  nodturnal  arches  in  all 
places  of  the  Earth,  at  a  particular 
time:  If  the  globe  be  continually  recti¬ 
fied  3  according  as  the  Sun  alters  his 
declination,  which  may  be  known  by 
bringing  each  degree  of  the  ecliptic  fuc- 
ceflively  to  the  meridian)  you'll  fee^the 
gradual  increafe  or  decreafe  made  in  the 
days,  in  all  places  of  the  World,  ac¬ 
cording  as  a  greater  or  leffer  portion  of 
the  parallels  of  latitude,  ftands  above 
the  horizon.  We  fhall  illuftrate  this 
problem  by  examples  taken  at  different 
times  of  the  year. 

i.  Let  the  Sun  be  in  the  firft  point  of 
sd  (which  happens  on  the  21ft  of  June) 
that  point  being  brought  to  the  meri¬ 
dian,  will  iliew  the  Sun’s  declination  to 
be  23  4.  degrees  North;  then  the  globe 
muft  be  rectified  to  the  latitude  of  23  4. 
degrees;  and  for  the  better  illuftration 
of  the  problem,  let  the  firft  meridian 
upon  the  globe  be  brought  under  the 
brafs  meridian.  The  globe  being  in 
this  pofition,  youil  fee  at  one  view  the 
length  of  the  days  in  all  latitudes,  by 
counting  the  number  of  hours  contained 

between 
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between  the  two  extreme  meridians, 
cutting  any  particular  parallel  you  pitch 
upon,  in  the  Eaftern  and  Weftern  part 
of  the  horizon.  And  you  may  obierve 
that  the  lower  part  of  the  arttic  circle 
juft  touches  the  horizon,  and  confe- 
quently  all  the  people  who  live  in  that 
latitude  have  the  Sun  above  their  hori¬ 
zon  for  the  fpace  of  24  hours,  without 
fetting;  only  when  he  is  in  the  lower 
part  of  the  meridian  (which  they  would 
call  12  at  night)  he  juft  touches  the 
horizon. 

To  all  thofe  who  live  between  the 
aritic  circle  and  the  Pole,  the  Sun  does 
not  fet,  and  its  height  above  the  hori¬ 
zon,  when  he  is  in  the  lower  part  of  the 
meridian,  is  equal  to  their  diftance  from 
the  arctic  circle:  For  example,  Thofe 
who  live  in  the  83d  parallel  have  the 
Sun  when  he  is  loweft  at  this  time  134. 
degrees  high. 

If  we  caft  our  eye  Southward,  to¬ 
wards  the  equator,  we  fhall  find,  that 
the  diurnal  arches,  or  the  length  of 
days  in  the  feveral  latitudes,  gradually 
leften:  The  diurnal  arch  of  the  parallel 
of  London  at  this  time  is  164.  hours; 
that  of  the  Equator  (is  always)  1 2  hours ; 
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and  fo  continually  lefs,  ’till  we  come  to 
the  Antarctic  Circle ,  the  upper  part  of 
which  juft  touches  the  horizon;  and 
thofe  who  live  in  this  latitude  have  juft 
one  fight  of  the  Sun,  peeping  as  it  were 
in  the  horizon :  And  all  that  fpace  be¬ 
tween  the  antardlic  circle  and  the  South 
Pole,  lies  in  total  darknefs. 

If  from  this  pofition  we  gradually 
move  the  meridian  of  the  globe  accord¬ 
ing  to  the  progreffive  alterations  made 
in  the  Sun’s  declination,  by  his  motion 
in  the  ecliptic,  we  fhall  find  the  diurnal 
arches  of  all  thofe  parallels,  that  are  on 
the  Northern  fide  of  the  equator,  con¬ 
tinually  decreafe;  and  thofe  on  the 
Southern  fide  continually  increafe,  in  the 
lame  manner  as  the  days  in  thofe  places 
fhorten  and  lengthen.  Let  us  again  ob- 
ferve  the  globe  when  the  Sun  has  got 
within  10  degrees  of  the  equinoctial; 
now  the  lower  part  of  the  8oth  parallel 
of  North  latitude  juft  touches  the  hori¬ 
zon,  and  all  the  fpace  betwixt  this  and 
the  pole,  falls  in  the  illuminated  he- 
mifphere:  but  all  thofe  parallels  that 
lie  betwixt  this  and  the  arCtic  circle, 
which  before  were  wholly  above  the 
horizon,  do  now  interfecl  it,  and  the 
Sun  appears  to  them  to  rife  and  let, 
'  F  rom 
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From  hence  to  the  equator,  we  ftial! 
find  that  the  days  have  gradually  fhort- 
ened;  and  f  rom  the  equator  Southward, 
they  have  gradually  lengthened,  until  we 
come  to  the  Both  parallel  of  the  South 
latitude;  the  upper  part  of  which  juft 
touches  the  horizon,  and  all  places  be¬ 
twixt  this  and  the  South  Pole  are  in  total 
darknefs;  but  thofe  parallels  betwixt  this 
and  the  antara&ic  circle,  which  be¬ 
fore  were  wholly  upon  the  horizon,  are 
now  partly  above  it;  the  length  of  their 
days  being  exaftly  equal  to  that  of  the 
nights  in  the  fame  latitude  in  the  con¬ 
trary  hemifphere.  This  alfo  holds  uni-'’ 
Verfally,  that  the  length  of  one  day  in 
one  latitude  North,  is  exaCHy  equal  to 
the  length  of  the  night  in  the  fame  la¬ 
titude  South;  and  vice  verfa . 

Let  us  again  follow  the  motion  of 
the  Sun,  until  he  has  got  into  the  equi¬ 
noctial,  and  take  a  view  of  the  globe 
while  it  is  in  this  pofition.  Now  all 
the  parallels  of  latitude  are  cut  into  two 
equal  parts  by  the  horizon,  and  con- 
fequently  the  days  and  nights  are  of 
equal  lengths,  viz.  12  hours  each,  in 
all  places  of  the  world;  the  Sun  riling 
and  fetting  at  fix  o'clock,  excepting  under 
the  two  Polesy  which  now  lie  exactly 
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in  the  horizon :  Here  the  Sun  feems  to 
ftand  ftill  in  the  fame  point  of  the  hea¬ 
vens  for  fome  time,  until  by  degrees, 
by  his  motion  in  the  ecliptic,  he  af- 
cends  higher  to  one  and  difappears  to 
the  other,  there  being  properly  no  days 
and  nights  under  the  Poles;  for  there 
the  motion  of  the  Earth  round  its  axis 
cannot  be  obferved. 

If  we  follow  the  motion  of  the  Sun 
towards  the  Southern  tropic,  we  fhall 
fee  the  diurnal  arches  of  the  Northern 
parallels  continually  decreafe,  and  the 
Southern  ones  increafe  in  the  fame  pro¬ 
portion,  according  to  their  refpedfive 
latitudes  j  the  North  Pole  continually 
defcending,  and  the  South  Pole  amend¬ 
ing,  above  the  horizon,  until  the  Sun 
arrives  into  kf,  at  which  time  all  the 
fpace  within  the  antarftic  circle  is  a- 
bove  the  horizon  5  while  the  fpace  be¬ 
tween  the  ardtic  circle,  and  its  neigh¬ 
bouring  Pole,  is  in  total  darknefe.  And 
we  fhall  now  find  all  other  circumftances 
quite  reverfe  to  what  they  were  when 
the  Sun  was  in  ss ;  the  nights  now  all 
over  the  world  being  of  the  fame  length 
that  the  days  were  of  before. 
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We  have  now  got  to  the  extremity 
of  the  Sun’s  declination;  and  if  we  fol¬ 
low  him  through  the  other  half  of  the 
ecliptic,  and  redtify  the  globe  accord¬ 
ingly,  we  (hall  find  the  feafons  return  in 
their  order,  until  at  length  we  bring  the 
globe  into  its  firft  pofition* 

The  two  foregoing  problems  were 
not,  as  I  know  of,  publifhed  in  any  book 
on  this  fubjedt  before ;  and  I  have  dwelt 
the  longer  upon  them,  becaufe  they  very 
well  illuftrate  how  the  viciflitudes  of 
days  and  nights  are  made  all  over  the 
world,  by  the  motion  of  the  Earth 
round  her  axis;  the  horizon  of  the 
globe  being  made  the  circle,  feparating 
light  and  darknefs,  and  fo  the  Sun  to 
ftand  ftill  in  the  vertex.  And  if  we 
really  could  move  the  meridian,  accord¬ 
ing  to  the  change  of  the  Sun’s  decli¬ 
nation,  we  fhould  fee  at  one  view,  the 
continual  change  made  in  the  length 
of  days  and  nights,  in  all  places  on  the 
Earth;  but  as  globes  are  fitted  up,  this 
cannot  be  done ;  neither  are  they  adapt- 
ted  for  the  common  purpofes,  in  places 
near  the  equator,  or  any  where  in  the 
Southern  hemifphere.  But  this  incon¬ 
venience  is  now  remedied  (at  a  fmall 
additional  expence)  by  the  hour  circle 
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being  made  to  fhift  to  either  Pole;  and 
fome  globes  are  new  made  with  ail 
hour  circle  fixed  to  the  globe  at  each 
Pole  between  the  globe  and  meridian, 
fo  as  to  have  none  without  fide  to  in¬ 
terrupt  the  meridian  from  moving  quite 
round  the  wooden  horizon, 

Prob.  XVII.  To  jhew  by  the  globe ,  at 
one  view,  the  longefl  of  the  Days  and 
Nights  in  any  particular  places ,  at  all 
times  of  the  Tear . 

Becaufe  the  Sun,  by  his  motion  in 
the  ecliptic,  alters  his  declination  a  fmall 
matter  every  day;  if  we  fuppofe  all  the 
torrid  zone  to  be  filled  up  with  a  fpiral 
line,  having  io  many  turnings;  or  a  ferew 
having  fo  many  threads,  as  the  Sun  is 
days  in  going  from  one  tropic  to  the  o- 
ther:  And  thefe  threads  at  the  fame  dis¬ 
tance  from  one  another  in  all  places,  as 
the  Sun  alters  his  declination  in  one  day 
in  ail  thole  places  refped ively :  Thisfpi- 
ral  line  or  ferew  will  reprefent  the  ap¬ 
parent  paths  deferibed  by  the  Sun  round 
theEarth  every  day;  and  by  following  the 
thread  from  one  tropic  to  the  other,  and 
back  again,  we  (hall  have  the  path  the 
Sun  feems  to  defenbe  round  the  Earth  in 
a  year.  But  becaufe  the  inclinations  of 
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thefe  threads  to  one  another  are  but 
fmall,  we  may  fuppofe  each  diurnal  path 
to  be  one  of  the  parallels  of  latitude., 
drawn,  or  fuppofed  to  be  drawn  upon 
the  globe.  Thus  much  being  premifed, 
we  fhall  explain  this  Problem ,  by  placing 
the  globe  according  to  fome  of  the  moft 
remarkable  pofitions  of  it,  as  before  we 
did  for  the  moft  remarkable  feafons  of 
the  year, 

-  '  *  '  •  ;  ?  L  1  .r 

In  the  preceding  problem,  the  globe 
being  rectified  according  to  the  Suns  de¬ 
clination,  the  upper  parts  of  the  parallels 
of  latitude,  reprefented  the  Diurnal 
Arches ,  or  the  length  of  the  days  all  over 
the  world,  at  that  particular  time:  Here 
we  are  to  re£tify  the  globe  according  to 
the  latitude  of  the  place,  and  then  the 
upper  parts  of  the  parallels  of  declination 
are  the  diurnal  arches;  and  the  length  of 
the  days  at  all  times  of  the  year,  may 
be  here  determined  by  finding  the  number 
of  hours  contained  between  the  two  ex¬ 
treme  meridians,  which  cut  any  paral¬ 
lel  of  declination  in  the  Eaftern  and 
Weftern  points  of  the  horizon;  after  the 
fame  manner,  as  before  we  found  the 
length  of  the  day  in  the  feveral  latitudes’ 
at  a  particular  time  of  the  year. 
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i.  Let  the  place  propofed  be  under 
the  equinoctial,  and  let  the  globe  be  ac¬ 
cordingly  rectified  tor  oo  degrees  of  la¬ 
titude,  which  is  called  a  direct  pofition 
of  the  fphere.  Here  all  the  parallels  of 
latitude,  which  in  this  cafe  we  will  call  the 
parallels  of  declination,  are  cut  by  the 
horizon  into  two  equal  parts;  and  con- 
fequently  thofe  who  live  under  the  equi¬ 
noctial,  have  the  days  and  nights  of  the 
fame  length  at  all  times  of  the  year; 
and  alfo  in  this  part  of  the  Earth,  all 
the  Stars  rife  and  fet,  and  their  continu¬ 
ance  above  the  horizon,  is  equal  to  their 
ftay  below  it,  viz.  12  hours. 

IF  from  this  pofition  we  gradually 
move  the  globe  according  to  the  feveral 
alterations  of  latitudes,  which  we  will 
fuppofe  to  be  Northerly;  the  lengths  of 
the  Diurnal  Arches  will  continually  in- 
create,  until  we  come  to  a  parallel  of  de¬ 
clination,  as  far  diftant  from  the  equi¬ 
noctial,  as  the  place  itfelf  is  from  the  Pole. 
This  parallel  will  juft  touch  the  horizon, 
and  all  the  heavenly  bodies  that  are  be¬ 
twixt  it  and  the  Pole  never  defcend  be¬ 
low  the  horizon.  In  the  mean  time, 
while  we  are  moving  the  globe,  the 
lengths  of  thediurnalarchesof  the  South¬ 
ern  parallels  of  declination,  continually 

di- 
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diminifh  in  the  fame  proportion  that 
the  Northern  ones  increafed^  until  we 
come  to  that  parallel  of  declination  which 
is  fo  far  diftant  from  the  equinodtia! 
Southerly,  as  the  place  itfelf  is  from  the 
North  Pole.  The  upper  part  of  this 
Parallel  juft  touches  the  horizon,  and 
all  the  Stars  that  are  betwixt  it  and  the 
South  Pole  never  appear  above  the  ho¬ 
rizon.  And  all  the  nodturnal  arches  of 
the  Southern  parallels  of  declination,  are 
exadtly  of  the  fame  length  with  the  di¬ 
urnal  arches  of  the  correfpondent  paral¬ 
lels  of  North  declination. 

2.  Let,  us  take  a  view  of  the  globe 
when  it  is  redfified  for  the  latitude  of 
London ,  or  51  ±  degrees  North.  When 
the  Sun  is  in  the  tropic  of  ss,  the  day 
is  about  1 6 -i  hours  5  as  he  recedes  from 
this  tropic,  the  days  proportionably 
fhorten,  until,  he  arrives  into  and 
then  the  days  are  at  the  fhorteft,  being 
now  of  the  fame  length  with  the  night, 
when  the  Sun  was  in  ss,  viz,  74.  hours* 
The  lower  part  of  that  parallel  of  de¬ 
clination,  which  is  384.  degrees  from 
the  equinodtial  Northerly,  juft  touches 
the  horizon  5  and  the  Stars  that  are  be¬ 
twixt  this  parallel  and  the  North  Pole, 
never  fet  to  us  at  London .  In  like  man- 
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ner  the  upper  part  of  the  Southern  pa¬ 
rallel  of  384.  degrees  juft  touches  the  ho¬ 
rizon,  and  the  Stars  that  lie  betwixt  this 
parallel  and  the  Southern  Pole,  are  never 
vifible  in  this  latitude. 

Again,  let  us  rectify  the  globe  for  the 
latitude  of  the  Arftic  Circle ,  we  (hall 
then  find,  that  when  the  Sun  is  in  s,  he 
touches  the  horizon  on  that  day  with¬ 
out  fetting,  being  24  hours  com  pleat 
above  the  horizon;  and  when  he  is  in 
Capricorn ,  he  once  appears  in  the  hori¬ 
zon,  but  does  not  rife  in  the  fpace  of  24 
hours:  When  he  is  in  any  other  point 
of  the  ecliptic,  the  days  are  longer  or 
fhorter,  according  to  his  diftance  from 
the  tropics.  All  the  Stars  that  lie  be¬ 
tween  the  tropic  of  Cancer ,  and  the 
North  Pole,  never  fet  in  this  latitude; 
and  thofe  that  are  between  the  tropic  of 
Capricorn ,  and  the  South  Pole,  are  aL 
ways  hid  below  the  horizon. 

If  we  elevate  the  globe  ftill  higher, 
the  circle  of  perpetual  Apparition  will 
be  nearer  the  equator,  as  will  that  of 
perpetual  Occult  at  ion  on  the  other  fide. 
For  example,  Let  us  reftify  the  globe 
for  the  latitude  of  80  degrees  North: 
when  the  Sun’s  declination  is  10  de- 
•  '  grees. 
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grees  North;  he  begins  to  turn  above 
the  horizon  without  fetting;  and  all  the 
while  he  is  making  his  progrefs  from 
this  point  to  the  tropic  of  22,  and  back 
again,  he  never  fets.  After  the  fame 
manner,  when  his  declination  is  10  de¬ 
grees  South,  he  is  juft  feen  at  noon  in 
the  horizon;  and  all  the  while  he  is 
going  Southward,  and  back  again,  he 
difappears,  being  hid  juft  fo  long  as  be¬ 
fore,  at  the  oppofite  time  of  the  year  he 
appeared  vifible. 

Let  us  now  bring  the  North  Pole  in<* 
to  the  Zenith,  then  will  the  equinoctial 
coincide  with  the  horizon;  and  confe- 
quentlv  all  the  Northern  parallels  are 
above  the  horizon,  and  all  the  Southern 
ones  below  it.  Here  is  but  one  day  and 
one  night  throughout  the  year,  it  be¬ 
ing  day  all  the  while  the  Sun  is  to  the 
Northward  of  the  equinoctial,  and  night 
for  the  other  half  year.  All  the  Stars 
that  have  North  declination,  always  ap¬ 
pear  above  the  horizon,  and  at  the  fame 
height;  and  all  thofe  that  are  on  the 
other  fide,  are  never  feen. 

What  has  been  here  faid  of  rectify¬ 
ing  the  globe  to  North  latitude,  holds 
for  the  lame  latitude  South;  only  that 
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before  the  longeft  days  were,  when  the 
Sun  was  in  s,  the  fame  happening  now 
when  the  Sun  is  in  and  fo  of  the  reft 
of  the  parallels,  the  feafons  being  di- 
reftly  oppoflte  to  thofe  who  live  in  dif¬ 
ferent  hemispheres. 

-i  « 

I  (hall  again  explain  fome  things  de¬ 
livered  above  in  general  terms,  by  par¬ 
ticular  problems. 

But  from  what  has  been  already  faid, 
we  may  firft  make  the  following  obser¬ 
vations  : 

*r  *  ,  «  *■ 

1 .  All  places  of  the  Edrth  do  equally  en¬ 
joy  the  benefit  of  the  Sun,  in  refpeCl  of  tune, 
and  are  equally  deprived  of  it,  the  Days  at 
one  time  of  the  Tear,  being  exactly  equal  to 
the  Nights  at  the  oppofite  feafon. 

&  jo  *•'  1  ;  '  •  '  ; ,  •  ,  » 

2.  In  all  places  of  the  Earth,  fave  ex¬ 
actly  under  the  Poles,  the  Days  and  Nights 
dre  of  equal  length  (viz.  12  hours  each) 
when  the  Sun  is  in  the  equinoctial. 


3.  Thofe  who  live  under  the  equinoctial \ 
have  the  days  and  nights  of  equal  lengths  at 
all  times  of  the  year. 


4»  In  all  places  between  the  equinoctial 

and 
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and  the  Poles ,  the  days  and  nights  are  ne¬ 
ver  equal ,  but  when  the  Sun  is  in  the  equi¬ 
noctial  points  r  and 

5 .  'T/6^  nearer  any  place  is  to  the  equator , 
lefs  is  the  difference  between  the  length  of 

the  artificial  days  and  nights  in  the  [aid' 
place ;  and  the  more  remote  the  greater. 

6.  To  all  the  inhabitants  lying  under  the 
fame  parallel  of  latitude the  days  and 
nights  are  of  equal  lengths 3  and  that  at 
all  times  of  the  year, 

7.  The  Sun  is  vertical  twice  a  year  to 
all  places  between  the  tropics ;  to  thofe  un¬ 
der  the  tropics ,  once  a  year  \  but  never  any 
where  elfe  t 

8.  In  all  places  between  the  Polar  Cir¬ 
cles ,  and  the  Poles ,  the  Sun  appears  fome 
number  of  days  without  fetting,  and  at 
the  oppofite  time  of  the  year  he  is  for  the 
fame  length  of  time  without  rifing ;  and 
the  nearer  unto ,  or  further  remote  from 
the  Pole 5  thofe  places  are ,  the  longer  or 
fhorter  is  the  Suns  continued  prefence  or 
abfence  from  the  Pole . . 

9.  In  all  places  lying  exactly  under 
the  Polar  Circles ,  the  Sun ,  when  he  is  in 
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the  neareji  tropic ,  appears  24  hours  with¬ 
out  jetting ;  and  when  he  is  in  the  contrary 
tropic ,  he  is  jor  the  fame  length  of  time 
without  rifing •  but  at  all  other  times  of  the 
year ,  he  rijes  and  fets  there ,  as  in  other 
places . 

» 

10  .In  all  places  lying  in  the 

hemifphere ,  longefi  day  and  Jhort- 

eft  nighty  is  when  the  Sun  is  in  the 
Northern 
Southern 

t 

Prob.  XVIII.  The  Latitude  of  any place , 
exceeding  66  4  degrees ,  ^  dfoy 

of  the  Month  being  given*,  to  find  the 
time  of  Sun- rifing  and  fetting,  and  the 
length  of  the  Day  and  Night. 

Having  reftified  the  globe  according 
to  the  latitude,  bring  the  Sun’s  place  to 
the  meridian,  and  put  the  hour  index  to 
12  at  noon;  then  bring  the  Sun’s  place 
the  Eaftern  p art  of  the  horizon,  and  the 
index  will  (hew  the  time  when  the  Sun 
rifes.  Again,  turn  the  globe  until  the 
Sun’s  place  be  brought  to  the  Wefteni 
fide  of  the  horizon,  and  the  index  will 
fhew  the  time  of  Sun- felting. 


tropic  3  and  on  the  contrary . 


Northern 
Southern  ^ 
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The  hour  of  Sun-fetting  doubled, 
gives  the  length  of  the  day  3  and  the 
hour  of  Sun-rifing  doubled,  gives  the 
length  of  the  night. 

Let  it  be  required  to  find  when  the  Sun 
rifes  and  fets  at  London  on  the  20th  of 
April .  Rectify  the  globe  for  the  latitude 
of  London ,  and  having  found  the  Suns  . 
place  correfponding  to  May  the  ift,  viz. 

8  10  .1  degrees,  bring  «  to  10  4  degrees 
to  the  meridian,  and  fet  the  index  to  12 
at  noon  3  then  turn  the  globe  about  'till 
«  1  o  4  degrees  be  brought  to  the  Eaftern 
part  of  the  horizon,  and  you’ll  find  the 
indexpoint  44  hours,  this  being  doubled, 
gives  the  length  of  the  night  9  4  hours. 
Again,  bring  the  Sun’s  place  to  the  Weft- 
ern  part  of  the  horizon,  and  the  index 
will  point  74  hours,  which  is  the  time  of 
Sun-ietting;  this  being  doubled,  gives 
the  length  of  the  day  144  hours. 


Prob.  XIX.  To  find  the  length  of  the 
longejl  and  JhorteJl  Day  and  Night  in 
any  given  place ,  not  exceeding  664  de¬ 
grees  of  Latitude. 


Note ,  The  longeft  day  at  all  places  on 
the ;  of  the  equator,  is  when 


the 


t 
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the  Son  is  in  the  firft  point  of  \  ^ 

r  (Juaprieorn 3 

Wherefore  having  redtified  the  globe  for 
the  latitude,  find  the  time  of  Sun-rifing 
and  fetting,  and  thence  the  length  of 
the  day  and  night,  as  in  the  laft  pro¬ 
blem,  according  to  the  place  of  the  Sun: 
Or,  having  redtified  the  globe  for  the 
latitude,  bring  the  folftitial  point  of  that 
hemifphere,  to  the  Eaft  part  of  the  ho¬ 
rizon,  and  let  the  index  to  12  at  noon* 
then  turning  the  globe  about  hill  the 
faid  folftitial  point  touches  the  Weftern 
fide  of  the  horizon,  the  number  of 
hours  from  noon  to  the  place  where 
the  index  points  (being  counted  accord¬ 
ing  to  the  motion  of  the  index)  is  the 
length  of  the  iongeft  day;  the  com- 
plement  whereof  to  24  hours,  is  the 
length  of  the  fliorteft  night,  and  the 
reverfe  gives  the  fhorteft  day  and  the 
Iongeft  night. 


Longejl  Day . 

Shor.  No 

Deg. 

Hours. 

Hours . 

[45  • 

•  l5i 

84- 

Thus  in  Lat.y  ci  4  , 

■  164 

7  T 

L60 

•  184- 

54- 

If  from  the  length  of  the  Iongeft  day, 
you  fubtradt  12  hours,  the  number  of 

half 
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half  hours  remaining,  will  be  the  Cli¬ 
mate:  Thus  that  plate  where  the  long- 
eft  day  is  1 6  i.  hours,  lies  in  the  gth 
Climate ,  And  by  the  reverfe,  having 
the  Climate ,  you  have  thereby  the  length 
of  the  longeft  day. 

Prob.  XX.  cTo  find  in  what  Latitude  the 
longeft  Day  is ,  of  any  given  lengthy 
lefts  than  24  hours . 

Bring  the  folftitial  point  to  the  me¬ 
ridian,  and  fet  the  index  to  12  at  noon; 
then  turn  the  globe  Weft  ward,  ’till  the 
index  points  at  half  the  number  of 
hours  given;  which  being  done,  keep 
the  globe  from  turning  round  its  axis, 
and  Aide  the  meridian  up  or  down  in 
the  notches,  ’till  the  folftitial  point  comes 
to  the  horizon,  then  that  elevation  of 
the  Pole  will  be  the  latitude. 

If  the  hours  given  be  16,  the  lati¬ 
tude  is  49  degrees;  if  20  hours,  the  la¬ 
titude  is  63  4  degrees. 


Pros. 
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Prob.  XXL  A  place  being  given  in  one 
of  the  Frigid  Zones  (fuppofe  the  North¬ 
ern)  to  find  what  number  of  Days 
(of  24  hours  each)  the  Sun  doth  con - 
flantly  Jhtne  upon  the  fame>  how  long  he 
is  abfent ,  and  alfo  the  firfi  and  laji  Day 
of  his  appearance . 

Having  rectified  the  globe  according 
to  the  latitude,  turn  it  about  until  fome 
point  in  the  firft  quadrant  of  the  eclip¬ 
tic  (becaufe  the  latitude  is  North)  in¬ 
terfere  the  meridian  in  the  North  point 
of  the  horizon;  and  right  againft  that 
point  of  the  ecliptic  on  the  horizon, 
Hands  the  day  of  the  month  when,  the 
longeft  day  begins. 

And  if  the  globe  be  turned  about  ’till 
fome  point  in  the  fecond  quadrant  of 
the  ecliptic  cuts  the  meridian  in  the 
fame  point  of  the  horizon,  it  will  (hew 
the  Sun’s  place  when  the  longeft  day 
ends,  whence  the  day  of  the  month  may 
be  found,  as  before:  Then  the  number 
of  natural  days  contained  between  the 
times  the  longeft  day  begins  and  ends, 
is  the  length  of  the  longeft  day  re-* 
quired. 


Again, 
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Again,  turn  the  globe  about,  until 
fome  point  in  the  third  quadrant  of  the 
ecliptic  cuts  the  meridian  in  the  South 
part  of  the  horizon;  that  point  of  the 
ecliptic  will  give  the  time  when  the 
longeft  night  begins.  Laftly,  turn  the 
globe  about,  until  fome  point  in  the 
fourth  quadrant  of  the  ecliptic  cuts  the 
meridian  in  the  South  point  of  the  ho¬ 
rizon;  and  that  point  of  the  ecliptic 
will  be  the  place  of  the  Sun  when  the 
longeft  night  ends. 

Or,  the  time  when  the  longeft  day 
or  night  begins,  being  known,  their 
end  may  be  found  by  counting  the 
number  of  days  from  that  time  to  the 
fucceeding  folftice;  then  counting  the 
fame  number  of  days  from  the  fol- 
ftitial  day,  will  give  the  time  when  it 
ends. 

Prob.  XXII.  To  find  in  what  Latitude 
the  longeft  Day  is ,  of  any  given  length 
lefis  than  182  Natural  Days . 

Find  a  point  in  the  ecliptic  half  fo 
many  degrees  diftant  from  the  folftitial 
point,  as  there  are  days  given,  and  bring 
that  point  to  the  meridian;  then  keep 
the  globe  from  turning  round  its  axis* 
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and  move  the  meridian  up  or  down  until 
the  aforefaid  point  of  the  ecliptic  comes 
to  the  horizon;  that  elevation  of  the 
Pole  will  be  the  latitude  required. 

If  the  days  given  were  7 8,  the  lati¬ 
tude  is  71  4-  degrees. 

This  method  is  not  accurate,  becaufe 
the  degrees  in  the  ecliptic  do  not  corref- 
pond  to  natural  days;  and  alfo  becaufe 
the  Sun  does  not  always  move  in  the 
ecliptic  at  the  fame  rate;  however,  fuch 
problems  as  thefe  may  ferve  for  amufe- 
ments. 

Prob.  XXIII.  The  day  of  the  Month  be- 
ing  given,  to  find  when  the  Morning  and 
Evening  Twilight  begins  and  ends,  in 
any  place  upon  the  Globe . 

In  the  foregoing  problem,  by  the 
length  of  the  day,  we  mean  the  time 
from  Sun-rifing  to  Sun-fet;  and  the 
night  we  reckoned  from  Sun-fet,  ’till  he 
role  next  morning.  But  it  is  found  by 
experience,  that  Total  Darknefs  does 
not  commence  in  the  evening,  'till  the 
Sun  has  got  18  degrees  below  the  ho-’ 
rizon;  and  when  he  comes  within  the 
fame  diftance  of  the  horizon  next  morn- 

ingr 


Sect.  3.  the  Globes*  14 

Ing,  we  have  the  nrft  Dawn  of  Day . 

This  faint  light  which  we  have  in  the 
morning  and  evening,  before  and  after 
the  Sun’s  rifing  and  letting,  is  what  we 
call  the  T wilight . 

*  Having  rectified  the  globe  for  thc*Pro&.n, 
latitude,  the  zenith,  and  the  Sun’s  place, 
turn  the  globe  and  the  quadrant  of 
altitude  until  the  Sun’s  place  cuts  18 
degrees  below  the  horizon  (if  the  qua¬ 
drant  reaches  fo  far)  then  the  index 
upon  the  hour  circle  will  fhew  the  be¬ 
ginning  or  ending  of  twilight  after  the 
fame  manner  as  before  we  found  the 
time  of  the  Sun-rifing  and  fetting,  in 
Prob.  18.  But  by  reafon  of  the  thick- 
nefs  of  the  wooden  horizon,  we  can’t 
conveniently  fee,  or  compute  when  the 
Sun’s  place  is  brought  to  the  point  afore- 
faid.  Wherefore  the  globe  being  rec¬ 
tified  as  above  diredted,  turn  the  globe, 
and  alfo  the  quadrant  of  altitude,  Weft- 
ward,  until  that  point  in  the  ecliptic, 
which  is  oppofite  to  the  Sun’s  place, 
cuts  the  quadrant  in  the  18th  degree 
above  the  horizon;  then  the  hour  in¬ 
dex  will  drew  the  time  when  day 
breaks  in  the  morning.  And  if  you 
turn  the  globe  and  the  quadrant  of  al¬ 
titude,  until  the  point  oppofite  to  the 

Sun’s 
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Sun's  place  cuts  the  quadrant  in  the 
Eaftern  hemifphere,  the  hour  hand 
will  fhew  when  twilight  ends  in  the 
evening.  Or,  having  found  the  time 
from  midnight  when  the  morning  twi¬ 
light  begins,  if  you  reckon  fo  many  hours 
before  midnight,  it  will  give  the  time 
when  the  evening  twilight  ends.  Having 
found  the  time  when  twilight  begins  in 
the  morning,  find  the  time  of  Sun-ri- 
fing,  by  Prob>  1 8,  and  the  difference  will 
be  the  duration  of  twilight. 

Thus  at  London  on  the  1 2th  of  May 
twilight  begins  at  three  quarters  paft 
one  o’clock:  The  Sun  riles  at  about 
half  an  hour  paft  four:  Whence  the 
duration  of  twilight  now  is  2  2.  hours,, 
both  in  the  morning  and  evening.  On 
the  1 2th  of  November ,  the  twilight  be* 
gins  at  half  an  hour  paft  fix,  being 
fomewhat  above  an  hour  before  Sun- 
rifing. 

Frob.  XXIV*.  To  find  the  time  when  to* 
tal  Darknefs  ceajes ,  or  when  the  Twi¬ 
light  continues  from  Sunfetting  to  Sun* 
Jetting ,  in  any  given  place . 

Let  the  place  be  in  the  Northern  he¬ 
mifphere  5  then  if  the  complement  of 

the 
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the  latitude  be  greater  than  (the  de~ 
preffion)  18  degrees/,  fubtradt  1 8  de¬ 
grees  from  it,  and  the  remainder  will 
be  the  Sun's  declination  North,  when 
total  darknefs  ceafes.  But  if  the  com¬ 
plement  of  the  latitude  is  lefs  than  1 8 
degrees,  their  difference  will  be  the 
Sun’s  declination  South,  when  the  twi¬ 
light  begins  to  continue  all  night.  If 
the  latitude  is  South,  the  only  differ¬ 
ence  will  be,  that  the  Suns  declination 
will  be  on  the  contrary  fide. 

-  —  *  * 

■  •  'i  .  *■  •  f 

Thus  at  London ,  when  the  Sun’s  de¬ 
clination  North  is  greater  than  20  *  de« 

o  2. 

grees,  there  is  no  total  darknefs,  but 
conftant  twilight,  which  happens  from 
the  26th  of  May  to  the  1 8  th  of  July,  be¬ 
ing  near  two  months.  Under  the  North 
Pole  the  twilight  ceafes,  when  the  Sun’s 
declination  is  greater  than  18  degrees 
South,  which  is  from  the  13th  of  No- 
vember ,  ’till  the  29th  of  January:  So 
that  notwithftanding  the  Sun  is  abfent 
in  this  part  of  the  world  for  half  a  year 
together,  yet  total  darknefs  does  not  con¬ 
tinue  above  1 1  weeks;  and  befides,  the 
Moon  is  above  the  horizon  for  a  whole 
fortnight  of  every  month  throughout 
the  year. 
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Prgb.  XXV.  The  day  of  the  Month  be- 
given  y  to  find  thofie  places  of  the  Fri¬ 
gid  Zones y  where  the  Sun  begins  to 
jhine  continually  without  fetting,  and 
alfo  thofie  places  where  he  begins  to  be 
totally  abjent . 

Bring  the  Sun’s  place  to  the  meridian, 
and  mark  the  number  of  degrees  con- 
tained  betwixt  that  point  and  the  equa¬ 
tor;  then  count  the  fame  number  of 
degrees  from  the  neareft  Pole  (viz.  the 
North  Pole,  if  the  Sun’s  declination  is 
Northerly,  otherwife  the  South  Pole)  to 
wards  the  equator,  and  note  that  point 
upon  the  meridian;  then  turn  the  globe 
about,  and  all  the  places  which  pafs  un¬ 
der  the  faid  point,  are  thofe  where  the 
Sun  begins  to  fhine  conftantly,  without 
fetting  on  the  given  day.  If  you  lay 
the  fame  diftance  from  the  oppolite  Pole 
towards  the  equator,  and  turn  the  globe 
about,  all  the  places  which  pafs  under 
that  point,  will  be  thofe  where  the  long- 
eft  night  begins. 

The  Latitude  of  the  place  being  given ,  to 
find  the  hour  of  the  day  when  the  Sun 
Jhines. 

Jf 
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If  it  be  in  the  fummer ,  elevate  the  Pole 
according  to  the  latitude,  and  fet  the 
meridian  due  North  and  South;  then 
the  fhadow  of  the  axis  will  cut  the 
hour  on  the  Dial-plate:  For  the  globe 
being  rectified  in  this  manner,  the  hour 
circle  is  a  true  Equinoctial  Dial ;  the 
axis  of  the  globe  being  the  Gnomon . 
This  holds  true  in  Theory ,  but  it  might 
not  be  very  accurate  in  pradtice,  becaufe 
of  the  difficulty  in  placing  the  horizon 
of  the  globe  truly  horizontal,  and  its 
meridian  due  North  and  South, 

If  it  be  in  the  winter  half  year,  ele¬ 
vate  the  South  Pole  according  to  the 
latitude  North,  and  let  the  North  part 
of  the  horizon  be  in  the  South  part  of 
the  meridian;  then  the  fhade  of  the 
axis  will  fhow  the  hour  of  the  day  as 
before:  But  this  cannot  be  fo  conveni¬ 
ently  performed,  tho’  the  reafon  is  the 
fame  as  in  the  former  cafe. 

*  ,  *  -  / 

To  find  the  Suns  altitude ,  when  it  fkines,; 

by  the  Globe . 

Having  fet  the  frame  of  the  globe 
truly  horizontal  or  level,  turn  the  North 
Pole  towards  the  Sun,  and  move  the 
meridian  up  or  down  in  the  notches,; 

3L  2  unlit 
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until  the  axis  cafts  no  fhadow;  then  the 
arch  of  the  meridian,  contained  betwixt 
the  Pole  and  the  horizon,  is  the  Sun’s 
altitude, 

Note,  The  beft  way  to  find  the  Sun's 
altitude,  is  by  a  little  quadrant  gra¬ 
duated  into  degrees,  and  having  fights 
and  a  plummet  to  it:  Thus,  hold  the 
quadrant  in  your  hand,  fo  as  the  rays 
of  the  Sun  may  pafs  through  both  the 
fights,  the  plummet  then  hanging  free¬ 
ly  by  the  fide  of  the  inftrument,  will 
cut  in  the  limb  the  altitude  required* 
Thefe  quadrants  are  to  be  had  at  the 
inftrument-makers,  with  lines  drawn 
upon  them,  for  finding  the  hour  of  the 
day,  and  the  azimuth;  with  feveral 
other  pretty  conclufions,  very  entertain¬ 
ing  for  beginners. 

i  ,f‘o 

The  Latitude  and  the  Day  of  the  Month 
being  given ,  to  find  the  hour  of  the  day 
when  the  Sun  fhines . 

Having  placed  the  wooden  frame  up¬ 
on  a  level,  and  the  meridian  due  North 
and  South,  reftify  the  globe  for  the  la¬ 
titude,  and  fix  a  needle  perpendicularly 
over  the  Sun’s  place:  The  Sun’s  place 
being  brought  to  the  meridian,  fet  the 

hour 
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hour  index  at  12  at  noon,  then  turn 
the  globe  about  until  the  needle  points 
exactly  to  the  Sun,  and  cafts  no  fhadow, 
and  then  the  index  will  ihcw  the  hour 
of  the  day. 

Prob.  XXVI.  c£he  Latitude ,  the  Suns 
Place ,  and  his  Altitude,  being  given, 
to  find  the  hour  of  the  Day ,  and  the 
Suns  Azimuth  from  the  Meridian . 

Having  redlified  the  globe  for  the 
latitude,  the  zenith,  and  the  Sun’s  place, 
turn  the  globe  and  the  quadrant  of 
altitude,  fo  that  the  Sun’s  place  may 
cut  the  given  degree  of  altitude:  then 
the  index  will  (how  the  hour,  and  the 
quadrant  will  cut  the  azimuth  in  the 
horizon.  Thus,  if  at  London ,  on  the 
2 1  ft  of  Augitjl ,  the  Sun’s  altitude,  be 
36  degrees  in  the  forenoon,  the  hour 
of  the  day  will  be  IX,  and  the  Sun’s 
azimuth  about  58  degrees  from  the 
South  part  of  the  meridian. 

'The  Suns  Azimuth  being  given ,  to  place 
the  Meridian  of  the  Globe  due  North 
and  South ,  or  to  find  a  Meridian  Line 
when  the  Sun  fhines « 


Let 
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Let  the  Sun’s  azimuth  be  30  degrees 
South -Eafterly,  fet  the  horizon  of  the 
globe  upon  a  level,  and  bring  the  North 
Pole  into  the  zenith;  then  turn  the  ho¬ 
rizon  about  until  the  lhade  of  the  axis 
cuts  as  many  hours  as  is  equivalent  to 
the  azimuth  (allowing  15  degrees  to  an 
hour)  in  the  North-Weft  part  of  the 
hour  circle,  viz.  X  at  night,  which  be¬ 
ing  done,  the  meridian  of  the  globe 
ftands  in  the  true  meridian  of  the 
place.  The  globe  ftanding  in  this  po- 
fition,  if  you  hang  tw’o  plummets  at 
the  North  and  South  points  of  the 
wooden  horizon,  and  draw  a  line  be¬ 
twixt  them,  you  will  have  a  meridian 
line;  which  if  it  be  on  a  fixed  plane  (as 
a  floor  or  window)  it  will  be  a  guide 
for  placing  the  globe  due  North  and 

South,  at  any  other  time. 

* 

Prob.  XXVII.  The  Latitude ,  Hour  of 
the  Day ,  and  the  Sun  s  place  being 
given ,  to  find  the  Suns  Altitude  and 
Azimuth . 

Reftify  the  globe  for  the  latitude,  the 
zenith,  and  the  Sun’s  place,  then  the 
number  of  degrees  contained  betwixt 
the  Sun’s  place  and  the  vertex,  is  the 
Sun’s  meridional  zenith  diftance ;  the 

,  t  f  *  jl  4*  «  t  »  »•  '  •  •  <*  <f 
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complement  of  which  to  90  degrees,  is 
the  Sun’s  meridian  altitude.  If  you 
turn  the  globe  about  until  the  index 
points  to  any  other  given  hour,  then 
bringing  the  quadrant  of  altitude  to  cut 
the  Suns  place,  you  will  have  the  Sun’s 
altitude  at  that  hour;  and  where  the 
quadrant  cuts  the  horizon,  is  the  Sun’s 
azimuth  at  the  fame  time.  Thus 
May  the  ift  at  London ,  the  Sun’s  meri¬ 
dian  altitude  will  be  61  4.  degrees;  and 
at  10  o’clock  in  the  morning,  the  Sun’s 
altitude  will  be  52  degrees,  and  his  azi¬ 
muth  about  50  degrees  from  the  South 
part  of  the  meridian. 

Pros.  XXVIII.  The  Latitude  of  the  place, 
and  the  day  of  the  Month  being  given ; 
to  find  the  deprefiion  of  the  Sun  below 
the  Horizon ,  and  the  Azimuth  at  any 
Hour  of  the  Night . 

Having  reflified  the  globe  for  the  la¬ 
titude,  the  zenith,  and  the  Sun’s  place, 
take  a  point  in  the  ecliptic  exadly  op- 
pofite  to  the  Sun’s  place,  and  find  the 
Sun’s  altitude  and  azimuth,  as  by  the 
laft  problem,  and  thefe  will  be  the  de- 
preffion  and  the  altitude  required.  Thus, 
if  the  time  given  be  the  ift  of  December, 
at  1  o  o’clock  at  night,  the  deprdlion  and 
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azimuth  will  be  the  fame  as  was  found 
in  the  laft  problem. 

Frob,  XXIX.  The  Latitude ,  the  Sun  s 
Place ,  and  his  Azimuth  being  given,  to 
find  his  Altitude ,  and  the  Hour. 

Reitify  the  globe  for  the  latitude,  the 
zenith,  and  the  Sun's  place,  then  put  the 
quadrant  of  altitude  to  the  Sun’s  azi¬ 
muth  in  the  horizon,  and  turn  the  globe 
"till  the  Sun’s  place  meet  the  edge  of  the 
quadrant,  then  the  faid  edge  will  fhew 
the  altitude,  and  the  index  point  to  the 
hour.  Thus,  May  the  21ft  at  London 
when  the  Sun  is  due  Eaft,  his  altitude 
.  will  be  about  24  degrees,  and  the  hour 
about  VII  in  the  morning;  and  when  his 
azimuth  is  60  degrees  South- Wefterly, 
the  altitude  will  be  about  44  ~  degrees, 
and  the  hour  about  2  4-  in  the  afternoon. 

Thus,  the  latitude  and  the  day  being 
known,  and  having  befides  either  the  al¬ 
titude,  the  azimuth,  or  the  hour;  the 
other  two  may  be  eaflly  found. 

Frob.  XXX.  The  Latitude ,  the  Suns 
Altitude ,  and  his  Azimuth  being  given 5 
to  find  his  Place  in  the  Ecliptic  and  the 

Rectify 
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Redfify  the  globe  for  the  latitude  and 
zenith,  and  let  the  edge  of  the  quadrant 
to  the  given  azimuth;  then  turning  the 
globe  about,  that  point  of  the  ecliptic 
which  cuts  the  altitude,  will  be  the 
Sun’s  place.  Keep  the  quadrant  of  the 
altitude  in  the  fame'  pofition,  and  hav¬ 
ing  brought  the  Sun’s  place  to  the  me¬ 
ridian,  and  the  hour  index  to  12  at 
noon,  turn  the  globe  about  ’till  the 
Sun’s  place  cuts  the  quadrant  of  alti¬ 
tude,  and  then  the  index  will  point  the 
hour  of  the  day. 

Prob.  XXXI.  ‘The  Declination  and  Me¬ 
ridian  Altitude  of  the  Sun ,  or  of  any 
Star  being  given-,  to  find  the  Latitude 
of  the  Place . 

Mark  the  point  of  declination  upon 
the  meridian,  according  as  it  is  either 
North  or  South  from  the  equator;  then. 

Hide  the  meridian  up  or  down  in  the 
notches,  ’till  the  point  of  declination  be 
fo  far  diftant  from  the  horizon,  as  is  the 
given  meridian  altitude;  that  elevation 
of  the  Pole  will  be  the  latitude. 

Thus,  if  the  Sun’s,  or  any  Star’s  me¬ 
ridian  altitude  be  50  degrees,  and  its 

de- 
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declination  114.  degrees  North,  the  lati¬ 
tude  will  be  5 1 4  degrees  North. 

1 

Prob.  XXXIL  The  Day  and  Hour  of  a 

Lunar  Eclipje  being  known  \  to  find  all 

thofe  Places  upon  the  Globe  where  the 
fame  will  be  vifible . 

*  Find  where  the  Sun  is  vertical  at 
the  given  hour,  and  bring  that  point  to 
the  zenith;  then  the  Eclipfe  will  be  vi¬ 
fible  in  all  thole  places  that  are  under 
the  horizon;  Or,  if  you  bring  the  An¬ 
tipodes  to  the  place  where  the  Sun  is 
vertical,  into  the  zenith,  you  will  have 
the  places  where  the  Eclipfe  will  be  vi¬ 
fible  above  the  horizon. 

Note ,  Becaufe  Lunar  eclipfes  continue 
fometimes  for  a  long  while  together, 
they  may  be  feen  in  more  places  than 
one  hemifphere  of  the  Earth;  for  by 
the  Earth’s  motion  round  its  axis,  du¬ 
ring  the  time  of  the  eclipfe,  the  Moon 
will  rife  in  feveral  places  after  the 
eclipfe  began. 

Note,  When  an  eclipfe  of  the  Sun  is 
central,  if  you  bring  the  place  where  the 
Sun  is  vertical  at  that  time,  into  the 
zenith,  fome  part  of  the  eclipfe  will  be 
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vifible  in  moft  places  within  the  upper 
hemifphere;  but  by  reafon  of  the  fliort 
duration  of  Solar  eclipfes,  and  the  la¬ 
titude  which  the  Moon  commonly  has 
at  that  time  (tho’  but  fmall)  there  is 
no  certainty  in  determining  the  places 
where  thofe  eclipfes  will  be  vifible  by 
the  globe;  but  recourfe  mu  ft  be  had  to 
calculations. 

Prob.  XXXIII.  The  Day  of  the  Months 
and  Hour  of  the  Day ,  according  to  our 
way  of  reckoning  in  England,  being  gi¬ 
ven;  to  find  thereby  the  Babylonic,  Ita¬ 
lic,  and  the  Jewifh,  or  Judaical  Hour. 

1.  To  find  the  Babylonic  Hour  (which 
is  the  number  of  hours  from  Sun-ri~ 
fing.)  Having  found  the  time  of  Sun- 
rifing  in  the  given  place,  the  difference 
betwixt  this  and  the  hour  given,  is  the 
Babylonic  Hour . 

2.  To  find  the  Italic  Hour  (which  is 
the  number  of  hours  from  Sun -Setting. 
Subtradf  the  hour  of  Sun-fetting  from 
the  given  hour,  and  the  remainder  will 
be  the  Italic  Hour  required. 

3.  To  find  the  JewiJh  Hour  (which  is 
part  of  an  Artificial  Day.)  Find  how 

many 
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many  hours  the  day  confifts  of ;  then  fay* 
as  the  number  of  hours  the  day  confifts 
of  is  to  1 2  hours,  fo  is  the  hour  fmce  Sun- 
riling  to  the  fudaical  hour  required. 

Thus,  if  the  Sun  rifes  at  4  o’clock 
(confequently  fets  at  8)  and  the  hour  gi¬ 
ven  be  5  in  the  evening,  the  Babylonijh 
hour  will  be  the  13th,  the  Italic  the  2  ift 
and  the  JewiJh  hour  will  be  nine  and 
three  quarters. 

The  converfe  being  given,  the  hour  of 
the  day,  according  to  our  way  of  reckon¬ 
ing  in  England ,  may  be  eafily  found. 

The  following  Problems  are  peculiar 
to  the  Celeftial  Globe . 

Pros.  XXXIV.  To  find  the  Right  Afcen- 

Jion  and  'Declination  of  the  Sun ,  or  any 

Fixed  Star . 

Bring  the  Sun’s  place  in  the  ecliptic 
to  the  meridian;  then  that  degree  of 
the  equator,  which  is  cut  by  the  meri¬ 
dian,  will  be  the  Suns  Right  Afcenfon ; 
and  that  degree  of  the  meridian,  which 
is  exaftly  over  the  Sun’s  place,  is  the 
Suns  Declination . 

After 
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After  the  fame  manner,  bring  the 
place  of  any  Fixed  Star  to  the  meridian, 
and  you  will  find  its  Right  Afcenfion 
in  the  equinoctial,  and  Declination  of 
the  meridian. 


Thus,  the  right  afcenfion  and  decli¬ 
nation  is  found,  after  the  fame  manner 
as  the  longitude  and  latitude  of  a  place 
upon  the  Terrejlrial  Globe . 

Note,  The  right  afcenfion  and  decli¬ 
nation  of  the  Sun  vary  every  day;  but  the 
right  afcenfion,  &c.  of  the  Fixed  Stars  is 
the  fame  throughout  the  year*. 


The  Sun’s  Right  Afcenfion.  Declin, 

Deg .  Deg . 


Thus  om 


January  31- 
April  5  — — 

July  2 1  - 

November  26 


Aide  bar  an  — 
Spica  Virginis 
Capella 


-  3*4  174S* 

144  6  N. 

-  1 20-1,  20-iN. 

-  2422-  21  8. 

R.  Afc.  Del. 

Dega  Deg . 
65  16  N. 

'97i  9v  s- 

74  454  N. 


Syrius ,  or  the  Dog-Star  984  16-i  S. 


*  The  iafenfible  change  in  the  Longitude,  Right 
Afcenfion,  and  Declination  of  the  Fixed  Stars,  made  by 
their  flow  motion,  parallel  to  the  ecliptic  (being  but  I 
degree  in  72  years)  is  not  worth  notice  in  this  place. 

Note r 
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Note ,  The  declination  of  the  Sail 
may  be  found  after  the  fame  manner  by 
the  Terreftrial  Globe>  and  alfo  his  right 
afcenfion,  when  the  equinofitial  is  num¬ 
bered  into  360  degrees,  commencing  at 
the  equinoctial  point  °r:  But  as  the 
equinoctial  is  not  always  numbered  fo, 
and  this  being  properly  a  Problem  in 
Aftronomy ,  we  choole  rather  to  place  it 
here. 

By  the  converfe  of  this  problem,  hav¬ 
ing  the  right  afcenfion  and  declination 
of  any  point  given,  that  point  itfelf  may 
be  eafily  found  upon  the  globe. 

Prob.  XXXV.  To find  the  Longitude  and 
Latitude  oj  a  given  Star . 

Having  brought  the  folftitial  colure 
to  the  meridian,  fix  the  quadrant  of  al¬ 
titude  over  the  proper  Pole  of  the  eclip¬ 
tic,  whether  it  be  North  or  South;  then 
turn  the  quadrant  over  the  given  Star, 
and  the  arch  contained  betwixt  the  Star 
and  the  ecliptic,  will  be  the  latitude, 
and  the  degree  cut  on  the  ecliptic  will 
be  the  Star's  longitude. 


Thus  the  latitude  of  Ar&urus  will  be 
found  to  be  3 1  degrees  North,  and  the; 

loiK 
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longitude  200  degrees  from  v,  or  20 
degrees  from  The  latitude  of 

Fomalhaut  in  the  Southern  Fifh,  2 1  de¬ 
grees  South,  and  longitude  299  4.  de¬ 
grees,  or  vf  29  i-  degrees.  By  the  con- 
verfe  of  this  method,  having  the  lati¬ 
tude  and  longitude  of  a  Star  given,  it 
will  be  ealy  to  find  the  Star  upon  the 
globe. 

The  diftance  betwixt  two  Stars,  or 
the  number  of  degrees  contained  be¬ 
twixt  them,  may  be  found  by  laying 
the  quadrant  of  altitude  over  each  of 
them,  and  counting  the  number  of  de¬ 
grees  intercepted;  after  the  fame  man¬ 
ner  as  we  found  the  diftance  betwixt 
two  places  on  the  Perrefirial  Globe,  in 
Froh .  VII. 

Prob.  XXXVI.  Lhe  Latitude  of  the 
Place ,  the  Day  of  the  Month ,  and  the 
Hour  being  given ;  to  find  what  Stars 
are  then  rifing  or  Jetting ,  what  Stars 
are  culminating^  or  on  the  meridian ,  and 
the  Altitude  and  Azimuth  of  any  Star 
above  the  Horizon ;  and  alfo  how  to  dif~ 
tinguifij  the  Stars  in  the  Heavens  one 
from  the  other ,  and  to  know  them  by 
their  proper  Names . 


Having 
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Having  rectified  the  globe  for  the  la¬ 
titude,  the  zenith,  and  the  Sun’s  place, 
turn  the  globe  about  until  the  index 
points  to  the  given  hour,  the  globe  be- 
ing  kept  in  this  pofition. 


All  thofe  Stars  that  are  in  the* 
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fide  of  the  horizon,  are  then^  ^ 

L  Setting.  ^ 


All  thofe  Stars  that  are  under  the 
meridian,  are  then  culminating.  And 
if  the  quadrant  of  altitude  be  laid  over 
the  center  of  any  particular  Star,  it  will 
fliovv  that  Star’s  altitude  at  that  time; 
and  where  it  cuts  the  horizon,  will  ber 
the  Star  s  azimuth  from  the  North  or 
South  part  of  the  meridian. 


The  globe  being  kept  in  the  fame  ele¬ 
vation,  and  from  turning  round  its  axis, 
move  the  wooden  frame  about  until  the 
North  and  South  points  of  the  horizon 
lie  exaftly  in  the  meridian;  then  right 
lines  imagined  to  pafs  from  the  center 
thro’  each  Star  upon  the  furface  of  the 
globe,  will  point  out  the  real  Star  in  the 
heavens,  which  thofe  on  the  globe  are 
made  to  reprefent.  And  if  you  are  by 
the  fide  of  lome  wall  whofe  bearing  you 

knowy 
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know,  lay  the  quadrant  of  altitude  to 
that  bearing  in  the  horizon,  and  it  will 
cut  all  thole  Stars  which  at  that  very  time 
are  to  be  feen  in  the  fame  direftion,  or 
dole  by  the  fide  of  the  faid  wall.  Thus 
knowing  fome  of  the  remarkable  Stars  in 
any  part  of  the  heavens,  the  neighbour- 
ing  Stars  may  be  diftinguilhed  by  obferv- 
ing  their  lituations  with  refpedt  to  thole 
that  are  already  known,  and  comparing 
them  with  the  Stars  drawn  upon  the 
globe. 

Thus,  if  you  turn  your  face  towards 
the  North,  you  will  find  the  North  Pole 
of  the  globe  points  to  the  Pole-Star ;  then 
you  may  obferve  two  Stars  fomewhat  lets 
bright  than  the  Pole-Star,  almoft  in  a 
right  line  with  it,  and  four  more  which 
form  a  fort  of  quadrangle ;  thefe  feven 
Stars  make  the  conftellation  called  the 
Little  Bear ;  the  Pole  Star  being  in  the  tip 
of  the  tail.  In  this  neighbourhood  you 
will  obferve  feven  bright  Stars,  which  are 
commonly  called  Charles  s  Wane$  thefe 
are  the  bright  Stars  in  the  Great  Bear , 
and  form  much  fuch  another  figure  with 
thole  before-mentioned  in  the  little  Bear: 
The  two  foremoft  of  the  fquare  lie  al« 
rnoft  in  a  right  line  with  the  Pole  Star, 
and  are  called  th e  Pointers,  fo  that  know- 
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mg  the  Pointers,  you  may  eafily  find  the 
Pole  Star.  Thus  the  reft  of  the  Stars  in 
this  conftellation,  and  all  the  Stars  in  the 
neighbouring  conftellations  may  be  ea¬ 
fily  found,  by  obfervinghowthejunknown 
Stars  lie  either  in  quadrangles ,  tri angles , 
or  fti  ait  lines  from  thole  that  are  already 
known  upon  the  globe. 

After  the  fame  manner  the  globe  be¬ 
ing  rectified,  you  may  diftinguifli  thofe 
Stars  that  are  to  the  Southward  of  you, 
and  be  foon  acquainted  with  ail  the  Stars 
that  are  vifible  in  our  hemifphere. 

SCHOLIUM . 

The  globe  being  rectified  to  the  lati¬ 
tude  of  any  place,  if  you  turn  it  round 
its  axis,  all  thofe  Stars  that  do  not  go 
below  the  horizon  during  a  whole  re¬ 
volution  of  the  globe,  never  fet  in  that 
place;  and  thofe  that  do  not  come  above 
the  horizon  never  rife. 

i 

Pr  ob  XXXVII.  The  latitude  of  the  place 
being  given ;  to  find  the  Amplitude ,  Ob¬ 
lique  Afcenjion  and  Defcenfion ,  Ajcenfi- 
onal Difference y  Semi-diurnal  Arch ,  and 
the  time  of  continuance  above  the  hori¬ 
zon ,  of  any  given  point  in  the  heavens. 

Having, 
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Having  re6tified  the  globe  for  the  la¬ 
titude,  and  brought  the  given  point  to 
the  meridian,  fet  the  index  to  the  hour 
of  i2;  then  turn  the  globe  until  the 
given  point  be  brought  to  theEaftern  fide 
of  the  horizon,  and  that  degree  of  the 
equinodtial  which  is  cut  by  the  hori¬ 
zon  at  that  time,  will  be  the  Oblique 
Afcenfion ;  and  where  the  given  point  cuts 
the  horizon,  is  the  Amplitude  Ortive :  If 
the  globe  be  turned  about  until  the  given 
point  be  brought  to  the  Weftern  fide  of 
the  horizon,  it  will  there  (how  the  Am- 
plitude  Occafive ;  and  where  the  horizon 
cuts  the  equinodtia!  at  that  time,  is  the 
Oblique  Defcenjion . 

The  time  between  the  index  at  either 
of  thefe  two  pofitions,  and  the  hour  of 
6;  or  half  the  difference  between  the 
oblique  afcenfion  and  defcenfion  is  the 
Afcenfional  Difference . 


If  theplacebe  in  North  latitude  and  the 
declination  ofthegivenpoint be<| 

the  afcenfional  difference  reduced  into 

-  j  C  added  to  7*  *r>\  1 

time,  and<  r  ,  «  ,  £  >60  Clock, 

£lubtracied  from  3 

gives  the  Semi-diurnal  Arch ;  the  com¬ 
plement  whereof  to  a  femicircle,  is  the 

M  2  Si- 
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Semi'noBurnal  Arch .  If  the  place  be 
in  South  latitude,  then  the  contrary 
is  to  be  obferved  with  refpedt  to  the 
declination 

diurnal  ?  ,  ,  . 

o  ,  >  area  being 
nocturnal.)  D 

doubled,  gives  the  time  of  continuance 

S  above  ?tpje  horizorL  Or  the  time  of 
C  below  i 

continuance  above  the  horizon,  may 
be  found  by  counting  the  number  of 
hours  contained  in  the  upper  part  of 
the  horary  circle,  betwixt  the  place 
where  the  index  pointed  when  the  given 
point  was  in  the  Baftern  or  Weftern 
parts  of  the  horizon.  If  the  given  point 
was  the  Surfs  place,  the  index  pointed 
the  time  of  his  riling  and  fetting,  when 
the  faid  place  was  in  the  Baftern  and 
Weftern  parts  of  the  horizon,  as  in 
Prob.  18.  Or  the  time  of  Sun-rifing 
may  be  found  by  adding  or  fubtradring 
his  afcenhonal  difference,  to  or  from 
the  hour  of  fix,  according  as  the  lati¬ 
tude  and  declination  are  either  contrary 

« 

or  the  fame  way. 


Thus,  at  London ,  on  the  3  iff  of  May 
the  Suns 

Amplitude  is  24  degrees  Northerly. 
Oblique  Afcenfiony  20. 


Oh 
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Oblique  Defcenjion ,  58, 

Afcenfional  Difference ,  19. 

Semidurnal  Arch,,  109. 

His  continuance  above  the  horizon* 
14  4  hours. 

Sun  rifes  at  three  quarters  paft:  four. 
Sun  fets  a  quarter  paft  feven. 

Thefe  things  for  the  Sun  vary  every 
day  j  but  for  a  Fixed  Star  the  day  of  the 
month  need  not  be  given,  for  they  are 
the  fame  all  the  year  round. 

In  the  latitude  of  51  4  North,  Syrus  s 
Amplitude  is  about  28  degrees  Southerly, 
Oblique  Afcenjion ,  1 2 1 . 

Oblique  Defcenjion^  75. 

Afcenfional  Difference ,  23. 
Semi-diurnal  Arch ,  67. 

Continuance  above  the  horizon,  9 
hours. 

«a 

I 

Prob.  XXXVIII.  The  Latitude  and  the 
Day  of  the  Month  being  given  \  to  find 
the  Dour  when  any  known  Star  will  be 
upon  the  meridian ,  and  alfio  the  time  of 
its  rifing  and  jetting , 

Having  rectified  the  globe  for  the  la¬ 
titude  of  the  Sun’s  place,  bring  the  given 
Star  to  the  meridian,  and  alio  to  the  Eaft 
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or  Vveft  fide  of  the  horizon,  and  the 
index  will  fhew  accordingly  when  the 
Star  culminates ,  or  the  time  of  the  ri~ 

jing  or  jetting. 

Thus  at  Irndon ,  on  the  21ft  of  Janu¬ 
ary,  Syrtm  will  be  upon  the  meridian* 
at  a  quarter  paft  ten  in  the  evening; 
Hies  at  54  hours,  and  fets  at  three  quar~ 
ters  paft  two  in  the  morning. 

By  the  converfe  of  this  problem* 
knowing  the  time  when  any  Star  is  up¬ 
on  the  meridian,  you  may  eafily  find 
the  Sun’s  place.  Thus,  bring  the  given 
Star  to  the  meridian,  and  fet  the  index  to 
the  given  hour;  then  turn  the  globe  hill 
the  index  points  to  12  at  noon,  and  the 
meridian  will  cut  the  Sun’s  place  in  the 
ecliptic.  Thus  when  Sy?ius  comes  to 
the  meridian  at  104  hours  after  noon, 
the  Sun’s  place  will  be  ^  4  deg. 

SU  .  .  ,  V  .  •  .  i  • 

Pr ob.  XXXIX.  To  find  at  what  time 
of  the  Tear  a  given  Star  will  be  upon 
the  Meridian ,  at  a  given  Hour  of  the 
the  Night • 

Bring  the  Star  to  the  meridian,  and 
Cet  the  index  to  the  given  hour,  then  turn 
the  globe  ’till  the  index  points  to  12  at 
w  -  ’  noon. 
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noon,  and  the  meridian  will  cut  the  e- 
cliptic  in  the  Sun's  place;  whence  the  day 
ot  the  month  may  be  eafily  found  in  the 
kalendar  upon  the  horizon. 

PjRob.  XL.  The  Day  of  the  Month ,  and 
the  Azimuth  of  any  known  Star  being 
given ;  to  find  the  Hour  of  the  Night . 

Having  redified  the  globe  for  the  la- 
tiude  and  the  Sun's  place,  if  the  given 
Star  be  due  North  or  South,  bring  it  to 
the  meridian,  and  the  index  will  (how 
the  hour  of  the  night.  If  the  Star  be  in 
any  other  diredion,  fix  the  quadrant  of 
altitude  in  the  zenith,  and  fet  it  to  the 
Star’s  azimuth  in  the  horizon ;  then  turn 
the  globe  about  until  the  quadrant  cuts 
the  center  of  the  Star,  and  the  index  will 
fhew  the  hour  of  the  night. 

1 

The  bearing  of  any  point  in  the 
*  heavens  may  be  found  by  the  following 
methods. 

Having  a  meridian  line  drawn  in  two 
windows,  that  are  oppofite  to  one  ano¬ 
ther,  you  may  crofs  it  at  right  angles 
with  another  line  reprefenting  the  Eaft 
and  Weft;  from  the  point  of  the  inter- 
fedion  defcribs  a  circle,  and  divide  each 
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quadrant  into  90  degrees $  then  get  a 

fmooth  board,  of  about  2  feet  long,  and 

4  foot  broad  (moreorlefs,  as  you  judge 

convenient)  and  on  the  back  part  ot  it 

fix  another  fmali  board  croffways,  fo  that 

*  * 

it  may  ferve  as  a  toot  to  fupport  the  big- 
geft  board  upright,  when  it  is  fet  upon 
a  level,  or  an  horizontal  plane.  The 
board  being  thus  prepared,  fet  the  lower 
edge  of  the  fmooth,  or  fore  fide  of  it, 
clofe  to  the  center  of  the  circle,  then 
turn  it  about  to  the  meridian,  or  to  any 
azimuth  point  required  (keeping  the 
edge  of  it  always  clofe  to  the  center)  and 
calling  your  eye  along  the  fiat  fide  of  it, 
you  will  eafdy  perceive  what  Stars  are 
upon  the  meridian,  or  any  other  bear¬ 
ing  that  the  board  is  fet  to. 


Pros.  XLI.  Two  known  Stars  having  the 
fame  Azimuth ,  or  the  fame  Height ,  be¬ 
ing  given  1  to  find  the  Hour  of  the  Night . 


Redify  the  globe  for  the  latitude,  th 
zenith,  and  the  Sun's  place. 


e 


1.  When  the  two  Stars  are  in  the 
fame  azimuth,  turn  the  globe,  and  alfo 
the  quadrant  about,  until  both  Stars 
coincide  with  the  edge  thereof;  then  will 
the  index  fhew  the  hour  of  the  night; 

and 
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and  where  the  quadrant  cuts  the  ho¬ 
rizon,  is  the  common  azimuth  of  both 
Stars. 

2.  If  the  two  Stars  are  of  the  fame  ah 
titude,  move  the  globe  fo  that  the  fame 
degree  on  the  quadrant  will  cut  both 
Stars,  then  the  index  will  fhew  the  hour. 

This  problem  is  ufeful  when  the  quan¬ 
tity  of  the  azimuth  of  the  two  Stars  in 
the  firft  cafe,  or  of  their  altitude  in  the 
latter  cafe,  is  not  known. 

If  two  Stars  were  given ,  one  on  the  meridi¬ 
an  ,  and  the  other  in  the  Eafi  or  Weft  part 
of  the  horizon ;  to  find  the  Latitude » 

1 

Bring  that  Star  which  was  obferved 
on  the  meridian,  to  the  meridian  of  the 
globe,  and  keep  the  globe  from  turning 
round  its  axis;  then  Aide  the  meridian 
up  or  down  in  the  notches,  'till  the  othef 
Star  is  brought  to  the  Eaft  or  Weft  part 
of  the  horizon,  and  that  elevation  of  the 
Pole  will  be  the  Latitude  fought. 

Prob,  XLII.  The  Latitude ,  Day  of  the 
Month ,  and  the  Altitude  of  any  known 
Star  being  given ;  to  find  the  Hour  of 
the  Night . 


Rec~ 
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Rectify  the  globe  for  the  latitude,  ze¬ 
nith,  and  Sun's  place:  Turn  the  globe, 
and  the  quadrant  of  altitude,  backward 
or  forward,  ’till  the  center  of  that  Star 
meets  the  quadrant  in  the  degree  of  al¬ 
titude  given;  then  the  index  will  point 
the  true  hour  of  the  night;  and  alfo 
where  the  quadrant  cuts  the  horizon, 
will  be  the  azimuth  of  the  Star  at  that 
time. 

If  the  Latitude ,  the  Suns  Altitude ,  and  his 
Declination  (injlead  of  his  Place  in  the 
Ecliptic)  are  given ;  to  find  the  Hour 
of  the  Day  and  Azimuth , 

Rectify  the  globe  for  the  latitude  and 
zenith,  and  having  brought  the  equi¬ 
noctial  colure  to  the  meridian,  let  the 
index  to  12  at  noon;  which  being  done, 
turn  the  globe  and  the  quadrant,  until 
the  given  declination  in  the  equinoftial 
colure,  cuts  the  altitude  on  the  qua¬ 
drant;  then  the  index  will  fhew  the  Hour 
of  the  day,  and  the  quadrant  cut  the 
Azimuth  in  the  horizon. 

If  the  Altitude  of  two  Stars  on  the  fame 
Azimuth  were  given ;  to  find  the  Lati¬ 
tude  of  the  Place . 


/ 
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Set  the  quadrant  over  both  Stars  at 
the  obferved  degrees  of  altitude,  and 
keep  it  faft  upon  the  globe  with  your 
fingers;  then  Aide  the  meridian  up  or 
down  in  the  notches,  'till  the  quadrant 
cuts  the  given  azimuth  in  the  horizon; 
that  elevation  of  the  Pole  will  be  the  la¬ 
titude  required. 

Prob.  XLIII.  Having  the  Latitude  of 
the  place ,  to  find  the  degree  of  the 
Ecliptic ,  which  rifes  or  fiets  with  a  given 
Star ;  and from  thence  to  determine  the 
time  of  its  Cofmical  and  Achronical 
fifing  and  Jetting. 

Having  redfified  the  globe  for  the  la¬ 
titude,  bring  the  given  Star  to  the  Baft- 
ern  fide  ot  the  horizon,  and  mark  what 
degree  of  the  ecliptic  rifes  with  it:  Look 
for  that  degree  in  the  wooden  horizon, 
and  right  againft  it,  in  the  kalendar, 
you  will  find  the  month  and  day  when 
the  Star  rifes  Cofmically .  If  you  bring 
the  Star  to  the  Weftern  fide  of  the  ho¬ 
rizon,  that  degree  of  the  ecliptic  which 
rifes  at  that  time,  will  give  the  day  of  the 
month  when  the  faid  Star  Jets  Cofmical¬ 
ly .  So  like  wife  againft  the  degree  which 
lets  with  the  Star,  you  will  find  the  day 
of  the  month  of  the  Achronical  Jetting ; 

and 
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and  if  you  bring  it  to  the  Eaftern  part 
of  the  horizon,  that  degree  which  fets 
at  that  time  will  be  the  Sun’s  place  when 
the  Star  rifes  Achronically . 

Thus,  in  the  latitude  of  London,  Sy- 
rim ,  or  the  Dog-Star ,  rifes  Cojmically  the 
loth  of  Augu ft,  and  fets  Cojmically  the 
i  oth  of  O Sober.  Aldebaran,  or  the  Bull's 
Eye ,  rifes  Achronically  on  the  2  2d  of 
May ,  and  lets  Achronically  on  the  19th 
of  December . 

Prob.  XLIV.  Having  the  Latitude  of 
the  place ,  to  find  the  time  when  a  Star 
rifes  and  fets  Heliacally. 

Having  rectified  the  globe  for  the  la¬ 
titude,  bring  the  Star  to  the  Eaftern  fide 
of  the  horizon,  and  turn  the  quadrant 
round  to  the  Weftern  fide,  hill  it  cuts 
the  ecliptic  in  12  degrees  of  altitude 
above  the  horizon,  if  the  Star  be  of  the 
lirft  magnitude;  then  that  point  of  the 
ecliptic  which  is  cut  by  the  quadrant,  is 
12  degrees  high  above  the  Weftern  part 
of  the  horizon,  when  the  Star  rifes;  but 
at  the  fame  time  the  oppofite  point  in 
the  ecliptic  is  12  degrees  below  the  Eaft¬ 
ern  part  of  the  horizon,  which  is  the  de- 
preflion  of  a  Star  of  the  firft  magnitude , 

when 
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when  fhe  rifes  Heliacaliy ;  or  has  got  fo 
far  from  the  Suns  beams,  that  fhe  may 
he  feen  in  the  morning  before  Sun-rifing. 
Wherefore  look  for  the  laid  point  of  the 
ecliptic  on  the  horizon,  and  right  againft 
it  will  be  the  day  of  the  month  when  the 
Star  rifes  Heliacaliy.  To  find  the  Helia¬ 
cal  fetting ,  bring  the  Star  to  the  Weft: 
fide  of  the  horizon,  and  turn  the  qua¬ 
drant  about  to  the  Eaftern  fide,  ’till  the 
1 2th  degree  of  it  above  the  horizon,  cuts 
the  ecliptic;  then  that  degree  of  the  eclip¬ 
tic  which  is  oppofite  to  this  point,  is  the 
Sun’s  place  when  the  Star  jets  Heliacaliy . 

Thus  you  will  find  that  Ardlurus  rifes 
Heliacaliy  the  28th  of  September ,  and  fets 
Heliacaliy  December  the  2d. 

Prob.  XLV.  To  find  the  place  of  any 
Planet  upon  the  globes  and  fo  by  that 
means ,  to  find  its  place  in  the  Heavens  : 
Alfo  to  find  at  what  Hour  any  Planet 
will  rife  or  fet ,  or  be  on  the  meridian  at 
any  one  Day  in  the  Tear . 

You  muft  firft:  feek  in  an  Ephemeris 
f/F/6/V/sEphemeris  will  do  well  enough) 
for  the  place  of  the  Planet  propoled  on 
that  day;  then  mark  that  point  of  the 
♦  ecliptic,  either  with  chalk,  or  by  flicking 

on 
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on  a  little  black  patch;  and  then  for  that 
night  you  may  perform  any  problem,  as 
before,  by  a  Fixed  Star. 

Let  it  be  required  to  find  the  fituation 
of  Jupiter  among  the  Fixed  Stars  in  the 
heavens,  and  alfo  what  time  he  riles 
and  lets,  and  comes  to  the  meridian  oix 
the  1 9th  of  May,  1 7 57,  N.  S.  at  London , 

Looking  for  the  19th  of  May,  1757,10 
White's  Ephemeris,  I  find  that  Jupiter's 
place  at  that  time  is  in  about  12  degrees 
of  wi;  latitude  about  1  JL  degree  North, 
Then  looking  for  that  point  upon  the 
Celeftial  globe,  I  find  that  n  is  then 
nearly  in  conjun£tion  with  the  bright 
Star  in  the  Southern  Balance,  and  about 
1  degree  North  of  it. 

To  find  when  he  rifes  and  fets,  and 
comes  to  the  meridian  :  Having  put  a 
little  black  patch  on  the  place  of  Jupiter , 
elevate  the  globe  according  to  the  lati¬ 
tude,  and  having  brought  the  Sun's  place 
to  the  meridian,  fet  the  hour  index  to 
12  at  noon-,  then  turn  the  mark  which 
was  made  for  Jupiter ,  to  the  Eaftern 
part  of  the  horizon,  I  find  y  will  rife 
fomewhat  more  than  half  an  hour  after 
three  in  the  afternoon;  and  turning  the 
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globe  about,  I  find  it  comes  to  the  meri¬ 
dian  a  little  before  eleven  at  night;  andfets 
almofl:  a  quarter  paft  fix  next  morning. 

This  example  being  underftood,  it  will 
be  eaiy  to  find  when  either  of  the  other 
two  fuperior  Planets,  viz.  Mars  and  Sa¬ 
turn,  rife,  fet,  and  come  to  the  meridian. 

I  fhall  conclude  this  fubjeft  about  the 
Globes  with  the  following  problems, 

Prob.  XLVI.  To find  all  that  fpace  upon 

the  Earth ,  where  an  Eclipfe  of  one  of  the 

Satellites  of  Jupiter  will  be  vifible . 

/  _ 

Having  found  that  place  upon  the 
Earth,  in  which  the  Sun  is  vertical  at  the 
time  of  the  eclipfe,  by  Prob .  13,  elevate 
the  globe  according  to  the  latitude  of  the 
faid  place;  then  bring  the  place  to  the 
meridian,  and  fet  the  hour  index  to  1 2  at 
noon.  If  Jupiter  be  in  confequence 
of  the  Sun,  draw  aline  with  black  lead, 
or  the  like,  along  the  Eaftern  fide  of  the 
horizon,  which  line  will  pafs  over  all 
thofe  places  where  the  Sun  is  fetting  at 
that  time;  then  count  the  difference  be- 
twixt  the  right  afcenfion  of  the  Sun,  and 
that  of  Jupiter,  and  turn  the  globe  Weft- 
ward,  'till  the  hour  index  points  to  this 

differ- 
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difference;  then  keep  the  globe  from 
turning  round  its  axis,  and  elevate  the 
meridian,  according  to  the  declination  of 
'Jupiter*  The  globe  being  in  this  pofiti- 
on,  draw  a  line  along  the  Eaftern  fide  of 
the  horizon ;  then  the  fpace  between  this 
line,  and  the  line  before  drawn,  will  com¬ 
prehend  all  thofe  places  of  the  Earth 
where  Jupiter  will  be  vifible,  from  thefet- 
ting  of  the  Sun,  to  the  fetting  of  Jupiter * 

But  if  Jupiter  be  in  antecedence  of  the 
Sun  (z.  e. riles beforehim)havingbrought 
the  place  where  the  Sun  is  vertical,  to  the 
zenith,  and  put  the  hour  index  to  1 2  at 
noon,  draw  a  line  on  the  Weftern  fide  of 
the  horizon ;  then  elevate  the  globe  ac¬ 
cording  to  the  declination  of  Jupiter ,  and 
turn  it  about  Eaftward,  until  the  index 
points  to  fo  many  hours  diftant  from 
noon,  as  is  the  difference  of  right  afeen- 
fion  of  the  Sun  and  Jupiter .  The  globe 
being  in  this  pofition,  draw  a  line  along 
the  Weftern  fide  of  the  horizon ;  then  the 
fpace  contained  between  this  line,  and 
the  other  laft  drawn,  will  comprehend 
all  thofe  places  upon  the  Earth  where 
the  Eclipie  is  vifible,  between  the  rifing 
of  the  Sun,  and  that  of  Jupiter* 

The 
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The  DESCRIPTION  of  the 
Great  Orrery,  lately  made 
by  Mr.  Thomas  YVrightj 
Mathematical  Inftrument- 
Maker  to  his  late  Majesty  j 
and  now  by  Benjamin 
Cole,  his  Succejfor. 


Orrery  is  an  Aftrdno- 
M  M  mical  Machine,  made  to  re- 
H  1  prefent  the  motions  of  the 
Planets.  Thefe  machines  are 
made  of  various  fizes,  fome  having  more 
Planets  than  others;  but  I  fhall  here 
confine  myfelf  to  the  defcription  of  that 
aboveraentioned. 


In  the  Introduction  we  gave  a  fhort 
account  of  the  Order ,  "Periods ,  Di fiances^ 
and  Magnitudes  of  the  Primary  Planets $ 
and  of  the  Dijlances  and  Periodical  Re¬ 
volutions  of  the  Secondary  Planets  round 
their  refpedfive  Primaries.  We  fhall  here 
explain  their  Stations ,  Regradations ? 

N  E-clip- 
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Eclipfes ,  Phafes ,  but  firft  let  us  take 

a  general  view  of  the  Orrery . 


The  De-  The  frame  which  contains  the  wheel™ 
fcription  work,  &c.  that  regulates  the  whole  Ma - 
m^the  0r~ chine >  is  made  of  fine  ebony,  and  is  near 
four  feet  in  diameter;  the  out  fide  there¬ 
of  is  adorned  with  twelve  pilafters,  cu- 
rioufly  wrought  and  gilt :  Between  thefe 
pilafters  the  twelve  Signs  of  the  Zodiac 
vide  are  neatly  painted,  with  gilded  frames. 
Above  the  frame  is  a  broad  ring,  fup- 
ported  with  twelve  pillars:  This  ring 
reprefents  the  Plane  of  the  Ecliptic ,  up¬ 
on  which  there  are  two  fcales  of  de¬ 
grees,  and  between  thofe  the  names  and 
characters  of  the  twelve  Signs.  Near 
the  outfide  is  a  fcale  of  months  and 
days,  exaftly  correfponding  to  the  Sun's 
place  at  noon,  each  day  throughout 
the  year. 


Above  the  ecliptic  ftands  fome  of  the 
principal  circles  of  the  fphere,  according 
to  their  refpeCtive  fituations  in  the  hea¬ 
vens,  viz.  N°  10,  are  the  two  Colures , 
divided  into  degrees,  and  half  degrees; 
N  0  11,  is  one  half  of  the  EquinoCtial 
Circle,  making  an  angle  with  the  eclip¬ 
tic  of  23  V  degrees.  The  Tropic  of  Can - 
cer,  and  the  ArSlic  Circle ,  are  each  fixed 

parallel 
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parallel,  and  at  their  proper  diftance 
from  the  equinodtial.  On  the  North¬ 
ern  half  of  the  ecliptic  is  a  brafs  fe mi- 
circle,  moveable  upon  two  points  fixed 
in  nr*  and  & :  This  femicircle  ferves  as  a 
moveable  horizon,  to  be  put  to  any  de¬ 
gree  of  latitude  upon  the  North  part  of 
the  meridian.  The  whole  machine  is 
alfo  fo  contrived,  as  to  be  fet  to]  any  la¬ 
titude,  without  in  the  leaft  affedting  any 
of  the  infide  motions:  For  this  purpofe 
there  are  two  ftrong  hinges  (N°  13,) 
fixed  to  the  bottom  frame,  upon  which 
the  inftrument  moves,  and  a  ftrong  brafs 
arch,  having  holes  at  every  degree, 
thro’  which  a  ftrong  pin  is  to  he  put, 
according  to  the  elevation.  This  arch, 
and  the  two  hinges,  fupport  the  whole 
machine,  when  it  is  lifted  up  according 
to  any  latitude;  and  the  arch  at  other 
times  lies  conveniently  under  the  hot- 
tom  frame. 

.  When  the  machine, is  fet  to  any  la¬ 
titude  (which  is  eafily  done  by  two  men, 
each  taking  hold  of  two  handles,  con-, 
veniently  fixed  for  that  purpofe)  fet  the 
moveable  horizon  to  the  fame  degree 
upon  the  meridian,  and  you  may  form 
an  idea  of  the  refpedive  altitude,  or  de~ 
preffions  of  the  Planets,  above  or  below  , 
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the  horizon,  according  to  their  refpe&ive 
pofitions,  with  regard  to  the  meridian. 

Within  the  ecliptic,  and  nearly  in  the 
fame  place  thereof,  (lands  the  Sun,  and 
all  the  Planets,  both  Primary  and  Se¬ 
condary.  The  Sun  (N°  r.)  (lands  in 
the  middle  of  the  whole  fyftem,  upon  a 
wire,  making  an  angle  with  the  plane 
of  the  ecliptic,  of  about  82  degrees; 
which  is  the  inclination  of  the  Sun’s 
axis,  to  the  axis  of  the  ecliptic.  Next 
to  the  Sun  is  a  (mall  ball  (N°  2.)  re- 
prefenting  Mercury:  Next  to  Mercury  is 
Venus  (N°  3.)  reprefented  by  a  larger 
ball  (and  both  thefe  (land  upon  wires, 
fo  that  the  balls  themfelves  may  be  more 
vifibiy  perceived  by  the  eye.  The  Earth 
is  reprefented  (N°  4.)  by  an  ivory  ball, 
having  fome  of  the  principal  meridians 
and  parallels,  and  a  little  sketch  of  a 
map  defcribed  upon  it.  The  wire  which 
iupports  the  Earth,  makes  an  angle  with 
the  plane  of  the  ecliptic  66  4.  degrees, 
which  is  the  inclination  of  the  Earth’s 
,  axis  to  that  of  the  ecliptic.  Near  the 
bottom  of  the  Earth’s  axis  is  a  Dial  Plate 
(N  0  9.)  having  an  index  pointing  to  the 
hours  of  the  day,  as  the  Earth  turns 
round  its  axis. 

Round 
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Round  the  Earth  is  a  ring,  fupported 
by  two  frnall  pillars,  which  ring  repre- 
fents  the  Orbit  of  the  Moon,  and  the  di- 
viiion  upon  it  anfwers  to  the  Moon’s  la¬ 
titude;  the  motion  of  this  ring  repre- 
fents  the  motion  of  the  Moon’s  Orbit, 
according  to  that  of  the  Nodes.  Within 
this  ring  is  the  Moon  (N°  5  )  having 
a  black  cap  or  cafe,  which  by  its  mo¬ 
tion,  reprefents  the  Phafes  of  the  Moon 
according  to  her  age.  Without  the 
Orbits  of  the  Earth  and  Moon  is  Mars 
(N  0  6.)  The  next  in  order  to  Mars  is 
Jupiter ,  and  his  four  Moons  (N°  7); 
each  of  thefe  moons  is  fupported  by  a 
crooked  wire  fixed  in  a  focket,  which 
turns  about  the  pillar  that  fuppoi  ts  Ju¬ 
piter.  Thefe  fatellites  may  be  turned  by 
the  hand  to  any  pofition;  and  yet  when 
the  machine  is  put  in  motion,  they  will 
all  move  in  their  proper  times.  The  out- 
ermoft  of  all  i s  Saturn,  and  his  five  Moons 
(N  0  8.)  Thefe  moons  are  fupported  and 
contrived  after  the  fame  manner  with 
thofe  of  Jupiter.  The  whole  machine 
is  put  into  motion  by  turning  a  ftnall 
winch  (like  the  key  of  a  clock,  N°  14.) 
and  all  the  iniide  work  is  fo  truly 
wrought,  that  it  requires  but  very  frnall 
ftrength  to  put  the  whole  motion. 

n3 
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Above  the  handle  there  is  a  cylin¬ 
drical  pin,  which  may  be  drawn  a  little 
out,  or  pu filed  in,  at  pleafure:  when  it 
is  pullied  in,  all  the  Planets,  both  pri¬ 
mary  and  fecondary,  will  move  accord¬ 
ing  to  their  refpe&ive  periods,  by  turn¬ 
ing  the  handle:  When  it  is  drawn  out, 
the  motions  of  the  Satellites  of  Jupiter 
and  Saturn  will  be  flopped,  while  all  the 
reft  move  without  interruption .  This  is 
a  very  good  contrivance  to  prelerve  the 
inftrument  from  being  clogged  by  the 
fwift  motions  of  the  wheels  belonging 
to  the  Satellites  of  Jupiter  and  Saturn , 
when  the  motions  of  the  reft  of  the  Pla¬ 
nets  are  only  confidered. 

I?  '-i  i  v  .  r  ,  • .  .*  -  - 

There  is  alfo  a  brafs  lamp  having  two 
convex  glafies,  to  be  put  in  the  room 
of  the  Sun  5  and  alfo  a  Imaller  Earth  and 
Moon,  made  fo  me  what  in  proportion  to 
their  diftance  from  each  other,  which 
may  be  put  on  at  pleafure. 

The  lamp  turns  round  in  the  fame 
time  with  the  Earth,  and  by  means  of 
the  glaffes  call  a  ftrong  light  upon  her; 
and  when  the  'mailer  Earth  and  Moon 
are  placed  on,  it  will  be  eafy  to  fhew 

when  either  of  them  may  be  eclipfed.  * 

v*  * » «-  -  -  ••  -  -  -  *  ►  •  *  *  •  • 
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Having  thus  given  a  brief  defcription 
of  the  outward  part  of  this  machine,  I 
ftiall  next  give  an  account  of  the  phe¬ 
nomena  explained  by  it,  when  it  is  put 
into  motion. 

I.  Of  the  Motions  of  the  Planets  in  ge¬ 
neral \ 

Having  put  on  the  handle,  pufh  in 
the  pin  which  is  juft  above  it,  and  place 
a  fmall  black  patch  (or  bit  of  wafer) 
upon  the  middle  of  the  Sun  (for  in- 
ftance)  right  againft  the  firft  degree  of 
you  may  alfo  place  patches  upon 
Venus ,  Mars ,  and  Jupiter ,  right  againft 
fome  noted  point  in  the  ecliptic.  If  you 
lay  a  thread  from  the  Sun  to  the  firft 
degree  of  v,  you  may  fet  a  mark  where 
it  interfedls  the  orbit  of  each  Planet, 
and  that  will  be  a  help  to  note  the  time 
of  their  revolutions. 

One  entire  turn  of  the  handle  anfwers 
to  the  diurnal  motion  of  the  Earth 
round  her  axis,  as  may  be  feen  by  the 
motion  of  the  hour  index,  which  is  pla¬ 
ced  at  the  foot  of  the  wire  on  which 
the  terella  is  fixed.  When  the  index 
has  moved  the  fpace  of  ten  hours,  you 
may  obferve  that  Jupiter  has  made  one 
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revolution  com  pleat  round  its  axis*  the 
handle  being  turned  until  the  hour  in¬ 
dex  has  palled  over  24  days,  8  hours, 
will  bring  the  patch  upon  Venus  to  its 
former  fituation  with  refpeft  to  the 
ecliptic,  which  (hews  that  ?  has  made 
one  entire  revolution  round  her  axis. 
Mars  makes  one  compleat  revolution 
round  its  axis  in  24  hours  and  about 
40  minutes.  When  the  handle  is  turn¬ 
ed  254  times  round,  the  fpot  upon  the 
Sun  will  point  to  the  fame  degree  of 
the  ecliptic,  as  it  did  when  the  inftru- 
inent  was  firft  put  into  motion.  By 
obferving  the  motions  of  the  fpots  upon 
the  furface  of  the  Sun,  and  of  the  Pla¬ 
nets  in  the  heavens,  their  diurnal  mo¬ 
tion  was  difcovered;  after  the  fame 
manner  as  we  do  here  obferve  the  mo¬ 
tions  of  their  reprefentatives,  by  that  of 
the  marks  placed  upon  them. 


If  while  you  turn  the  handle  you  ob¬ 
ferve  the  Planets,  you  will  fee  them  per- 
form  their  motions  in  the  fame  relative 
times  as  they  really  do  in  the  heavens, 
each  making  its  period  in  the  times 
mentioned  in  the  Tables,  Page ,  28, 
274  turns  of  the  handle  will  bring 
the  Moon  round  the  Earth,  which  is 
called  a  Periodic  Month .5  and  all  the 
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while  (he  keeps  the  fame  face  towards 
the  Earth;  for  the  Moon’s  annual  and 
diurnal  motion  are  performed  both  in 
the  fame  time  nearly,  fo  that  we  al¬ 
ways  fee  the  fame  face  or  fide  of  the 
Moon. 

If  before  the  inftrument  is  put  into 
motion,  the  fatellites  of  Jupiter  and 
Saturn  be  brought  into  the  fame  right 
line  from  their  refpeftive  primaries,  you 
will  fee  them,  as  you  turn  the  handle, 
immediately  difperfed  from  one  another, 
according  to  their  different  celerities. 
Thus  one  turn  of  the  handle  will  bring 
the  fir  ft  of  Jupiter  s  Moons  about  t 
part  round  Jupiter ,  while  the  fecond 
has  defcribed  but  ^  part,  the  third  but 
above  A,  and  the  fourth  not  quite 
part,  each  of  its  refpeftive  orbits.  If  you 
turn  the  handle  until  the  hour  index 
has  moved  1 8  4-  hours  more,  the  firft: 
fatellite  will  then  be  brought  into  its 

O 

former  pofition,  and  fo  has  made  one 
entire  revolution;  the  fecond  at  the  fame 
time  will  be  almoft  diametrically  op- 
polite  to  the  firft,  and  io  has  made  a  lit¬ 
tle  more  than  half  of  one  revolution  ; 
the  others  will  be  in  different  afpedls, 
according  to  the  length  of  their  periods, 
as  will  be  plainly  exhibited  by  the  in- 
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ftrument.  The  fame  obfervations  may 
be  made  with  refpeft  to  the  fatellites 

of  Saturn . 

* 

a 

The  machine  is  fo  contrived,  that 
the  handle  may  be  turned  either  way; 
and,  if  before  you  put  it  into  motion, 
you  obferve  the  alpeft  (or  fituation 
with  refpeft  to  each  other)  of  the  Pla¬ 
nets,  and  then  turn  the  handle  round 
any  number  of  times;  the  fame  num¬ 
ber  of  revolutions  being  made  back¬ 
wards,  will  bring  all  the  Planets  to  their 
former  fituations.  I  (hall  next  proceed 
to  particulars. 

Of  the  Stations  and  Retrogradations  of 

the  Planets . 

The  primary  Planets,  as  they  all  turn 
round  the  Sun,  at  different  diftances, 
and  in  different  times,  appear  to  us 
from  the  Earth  to  have  different  moti¬ 
ons;  as  fometimes  they  appear  to  move 
from  W eft  to  Eaft,  according  to  the  or¬ 
der  of  the  figns,  which  is  called  their 
DireB  Motion ;  then  by  degrees  they 
flacken  their  pace,  until  at  laftthey  lofe 
all  their  motion,  and  become  Stationary , 
or  not  to  move  at  all;  that  is,  they  ap¬ 
pear  in  the  fame  place  with  refpedf  to 

the 
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the  fixed  Stars  for  fome  time  together; 
after  which  they  again  begin  to  move, 
but  with  a  contrary  direction,  as  from 
Eaft  to  Weft,  which  is  called  their  Re- Retrograde 
trograde  Motion  \  then  again  they  be- Motion  °f 
come  ftationary,  and  afterwards  xz2&Jhf:'lHamtu 
fume  their  direct  motion.  The  reafon 
of  all  thefe  appearances  is  very  evidently 
fhewn  by  the  Orrery . 

Of  the  Stations,  &c.  of  the  Inferior 

Planets . 

We  dial!  inftance  in  the  Planet  Mer¬ 
cury,  becaufe  his  motion  round  the  Sun 
differs  more  from  the  Earth’s  than  that 
of  Venus  does. 

When  Mercury  is  in  his  fuperior  con¬ 
junction  (or  when  he  is  in  a  direCt  line 
from  the  Earth  beyond  the  Sun)  fallen 
a  firing  about  the  axis  of  the  Earth, 
and  extend  it  over  Mercury  to  the  eclip¬ 
tic;  then  turning  the  handle,  keep  the 
thread  all  the  while  extended  over  g  , 
and  you  will  find  it  move  with  a  direCt 

j 

motion  in  the  ecliptic,  but  continually 
flower,  until  Mercury  has  the  greateft 
elongation  from  the  Earth.  Near  this 
pofition,  the  thread  for  fome  time  will 
lay  over  Mercury  without  being  moved 
**-  in 
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in  the  ecliptic,  tho’  the  Earth  and  Mer¬ 
cury  both  continue  their  progreffive  mo¬ 
tion  in  their  refpeCtive  orbits.  When 
Mercury  has  got  a  little  paft  this  place, 
you  will  find  the  thread  muft  be  moved 
backward  in  the  ecliptic,  beginning  firft 
with  a  flow  motion,  and  then  fafter  by 
degrees,  until  Mercury  is  in  his  inferior 
conjunction,  or  direCtly  between  the 
Earth  and  the  Sun.  Next  this  pofition 
of  $  ,  his  retrograde  motion  will  be  the 
fwifteft;  but  he  (till  moves  the  fame  way, 
tho'  continually  flower,  hill  he  has  again 
come  to  his  greateft  elongation,  where 
he  will  appear  the  fecond  time  to  be 
ftationary;  after  which  he  begins  to 
move  forward,  and  that  fafter  by  de¬ 
grees,  until  he  is  come  to  the  fame  po¬ 
fition  with  refpeCt  to  the  Earth,  that 
he  was  in  at  firft.  The  fame  obferva- 
tions  may  be  made  relating  to  the  mo¬ 
tions  of  Venus .  In  like  manner  the  dif¬ 
ferent  motions  obferved  in  the  fuperior 
Planets  may  be  alfo  explained  by  the 
Orrery.  If  you  extend  the  thread  over 
Jupiter ,  and  proceed  after  the  fame 
manner  as  before  we  did  in  regard  to 
Mercury ,  von  will  find  that  from  the  time 
Jupiter  is  in  conjunction  with  the  Sun, 
his  motion  is  direCt,  but  continually 
flower,  until  the  Earth  is  nearly  in  a 
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quadrate  afped  with  Jupiter ,  near  which 
pofition  Jupiter  feems  to  be  ftationary: 

After  which  he  begins  to  move,  and 
continually  mends  his  pace,  until  he 
comes  in  oppofition  to  the  Sun,  at  which 
time  his  retrograde  motion  is  fwifteft. 

He  ftill  feems  to  go  backward,  but 
with  a  flower  pace,  'till  the  Earth  and 
he  are  again  in  a  quadrate  afped,  where 
Jupiter  feems  to  have  loft  all  his  motion; 
after  which  he  again  refumes  his  dired 
motion,  and  fo  proceeds  fafter  by  de¬ 
grees,  ’till  the  Earth  and  he  are  again  in 
oppofition  to  each  another. 

Thefe  different  motions  obferved  inp/^3, 
the  Planets,  are  eafily  illuftrated,  as  fol-%' 
ioweth:  The  leffer  circle  round  the  Sun 
is  the  orbit  of  Mercury ,  in  which  he 
performs  his  revolution  round  the  Sun, 
in  about  three  months,  or  while  the 
Earth  is  going  thro’  i.  part  of  her  orbit, 
or  from  A  to  N.  The  numbers  j,  2, 

3,  &c.  in  the  orbit^of  Mercury,  fhow 
the  fpaces  he  defcribes  in  a  week  near¬ 
ly,  and  the  diftance  AB,  BC,  DC,  &c. 
in  the  Earth’s  orbit,  do  likewife  fhow 
her  motion  in  the  fame  time.  The 
letters  A,  B,  C,  (Sc,  in  the  great  orb, 
are  the  motions  of  Mercury  in  the  Hea^ 
vens,  as  they  appear  from  the  Earth, 
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Now  if  the  Earth  be  fuppofed  in  A, 

and  Mercury  in  12,  near  his  fuperior 
conjunftion  with  the  Sun;  a  fpedfator 
on  the  Earth  will  fee  $  ,  as  if  he  were  in 
the  point  of  the  Heavens  A,  and  while 
§  is  moving  from  12  to  1,  and  from  1 
to  2,  &c,  the  Earth  in  the  fame  time 
alfo  moves  from  A  to  B,  and  from  B  to 
C,  &c.  All  which  time  2  appears  in 
the  Heavens  to  move  in  a  diredt  motion 
from  A  to  B,  and  from  B  to  C,  &c.  but 
gradually  flower,  until  he  arrives  near 
the  point  G;  near  this  place  he  ap¬ 
pears  ftationary*  or  to  ftand  ftill;  and 
afterwards  (tho’  he  ftill  continues  to 
move  uniformly  in  his  own  orbit,  with 
a  progreffive  motion)  yet  in  the  fphere 
of  the  fixed  Stars  he  will  appear  to  be  re¬ 
trograde,  or  to  go  backwards,  as  from  G 
to  H,  from  H  to  I,  &c.  until  he  has  ar¬ 
rived  near  the  point  L,  where  again  he 
will  appear  to  be  ftationary;  and  after¬ 
wards  to  move  in  a  diredt  motion  from 
L  to  M ,  and  from  M  to  N,  &c . 

What  has  been  here  (hewed  concern” 
ing  the  motions  of  Mercury ,  is  alfo  to 
be  underftood  of  the  motions  of  Venus, 
but  the  conjunctions  of  Venus  with  the 
Sun  do  not  happen  fo  often  as  in  Mer¬ 
cury,  for  Venus  moving  in  a  larger  orbit,  . 


M  * 


A  Orrery.  191 

and  much  flower  than  Mercury ,  does  not 
fo  often  overtake  the  Earth.  But  the 
retrogradations  are  much  greater  in  Ve¬ 
nus  than  they  are  in  Mercury ,  for  the 
fame  reafons. 

\ 

The  innermoft  circle  reprefents  the 
Earth’s  orbit,  divided  into  12  parts,  an -Fig.  2. 
fwering  to  her  monthly  motion;  the 
greateft  circle  is  in  the  orbit  of  Jupiter , 
which  he  defcribes  in  about  12  years ; 
and  therefore  the  rh  thereof,  from  A  to 
N,  defines  his  motion  in  one  of  our 
years  nearly;  and  the  intermediate  di- 
vifions,  A,  B,  C,  &c.  his  monthly  mo¬ 
tion,  Let  us  fuppofe  the  Earth  to  be 
in  the  point  of  her  orbit  1 2,  and  Ju¬ 
piter  in  A,  in  his  conjun£lion  with  the 
Sun;  it  is  evident  that  from  the  Earth 
Jupiter  will  be  feen  in  the  great  orb, 
or  in  the  point  of  the  Heavens  A,  and 
while  the  Earth  is  moving  from  12  to  r, 

2,  &c.  n  alfo  moves  from  A  to  B,  &c. 
all  which  time  he  appears  in  the  Hea¬ 
vens  to  move  with  a  direft  motion, 
from  A  to  B,  C,  &c ,  until  he  comes  in 
oppofition  to  the  Earth  near  the  point 
of  the  Heavens  E,  where  he  appears  to 
be  ftationary;  after  which  %  again 
begins  to  move  (tho*  at  firft  with  allow 
pace)  from  E  through  F,  H,  I  to  K, 

where 
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where  again  he  appears  to  ftand  ftiil, 
but  afterwards  he  reaflumes  his  diredt 
motion  from  I  thro’  K,  to  M,  &c . 

From  the  conftrudtion  of  the  preced¬ 
ing  figure  it  appears,  that  when  the  fu- 
perior  Planets  are  in  conjundtion  with 
the  Sun,  their  diredt  motion  is  much 
quicker  than  at  other  times ;  and  that 
becaufe  they  really  move  from  Weft  to 
EafE  while  the  Earth  in  the  oppoftte 
part  of  the  Heavens  is  carried  the  fame 
way,  and  round  the  fame  center.  This 
motion  afterwards  continually  flackens, 
until  the  Planet  comes  almoft  in  op- 
pofition  to  the  Sun,  when  the  line 
joining  the  Earth  and  Planet,  will  con¬ 
tinue  for  fome  time  nearly  parallel  to 
itfelf,  and  fo  the  Planet  feems  from  the 
Earth  to  ftand  ftilft  after  which,  it  be-' 
gins  to  move  with  a  flow  motion  back¬ 
ward,  until  it  comes  into  a  quartile  aft 
pedt  with  the  Sun,  when  again  it  will 
appear  to  be  ftationary,  for  the  above 
reafons;  after  that  it  will  refume  its  di¬ 
redt  motion,  until  it  comes  into  a  con¬ 
jundtion  with  the  Sun,  then  it  will  pro¬ 
ceed  as  above  explained.  Hence  it  alfo 
appears,  that  the  retrogradations  of  the 
fuperior  Planets  are  much  flower  than 
their  diredt  motions,  and  their  conti¬ 
nuance 
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nuance  much  fhorter;  for  the  Planet, 
from  its  laft  quarter,  until  it  comes  in 
oppofition  to  the  Sun,  appears  to  move 
the  fame  way  with  the  Earthy  by  whom 
it  is  then  overtaken:  After  which  it 
begins  to  go  backwards,  but  with  a  flow 
motion,  becaufe  the  Earth  being  in  the 
fame  part  of  the  Heavens,  and  moving 
the  fame  way  that  the  Planet  really  does* 
the  apparent  motion  of  the  Planet  back¬ 
wards,  muft  thereby  be  leflened. 

What  has  been  here  faid  concerning 
the  motions  of  Jupiter ,  is  alfo  to  be  un¬ 
derlined  of  Mars  and  Saturn,  But  the 
retrogradations  of  Saturn  do  oftener 
happen  than  thofe  of  Jupiter ,  becaufe 
the  Earth  oftener  overtakes  Saturn ;  and 
for  the  fame  reafon,  the  regreffions  of 
Jupiter  do  oftener  happen  than  thofe  of 
Mars .  But  the  retrogradations  of  Mars 
are  much  greater  than  thofe  of  Jupiter ^ 
whole  are  alfo  much  greater  than  thofe 
of  Saturn , 

In  either  of  the  fatellites  of  Jupiter 
or  Saturn ,  thefe  different  appearances 
in  the  neighbouring  Worlds  are  much 
oftener  feen  than  they  are  by  us  in  the 
primary  Planets. 

Q  We 
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We  never  obferve  thefe  different  mo¬ 
tions  in  the  Moon,  becaufe  the  turns 
round  the  Earth  as  her  center ;  neither 
do  we  obferve  them  in  the  Sun,  becaufe 
he  is  the  center  of  the  Earth’s  motion; 
whence  the  apparent  motion  of  the  Sun 
always  appears  the  fame  way  round  the 
Earth, 

Of  the  Annual  and  Diurnal  Motion  of  the 
Earth ,  and  of  the  increafe  and  decrease 
of  Days  and  Nights . 

•  i 

The  Earth  in  her  annual  motion 
round  the  Sun,  has  her  axis  always  in 
the  fame  direction,  or  parallel  to  itfelf; 
that  is,  if  a  line  be  drawn  parallel  to  the 
axis,  while  the  Earth  is  in  any  point  of 
her  orbit,  the  axis  in  all  other  pofitions 
of  the  Earth  will  be  parallel  to  the  faid 
line.  This  parallelifm  of  the  axis,  and 
the  Ample  motion  of  the  Earth  in  the 
ecliptic,  folves  all  the  phenomena  of  dif¬ 
ferent  feafons.  Thefe  things  are  very 
w  ell  iliuftrated  by  the  Orrery . 

If  you  put  on  the  lamp  in  the  place 
of  the  Sun,  you  will  fee  how  one  half  of 
our  globe  is  always  illuminated  by  the 
Sun,  while  the  other  hemifphere  re¬ 
mains  in  darknefs;  how  Day  and  Night 

are 
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are  formed  by  the  revolution  of  th6 
Earth  round  her  axis;  for  as  (he  turns 
from  Weft  to  Eaft,  the  Sun  appears  to 
move  from  Eaft  to  Weft.  And  while 
the  Earth  turns  in  her  orbit,  you  may 
obferve  that  her  axis  always  points  the 
fame  way,  and  the  feveral  feafons  of  the 
year  continually  change* 

To  make  thefe  things  plainer,  we  will 
take  a  view  of  the  Earth  in  different 
parts  of  her  orbit* 

When  the  Earth  is  in  the  firft  point 
of  Libra  (which  is  found  by  extending  a 
thread  from  the  Sun,  and  over  the 
Earth,  to  the  ecliptic)  we  have  the 
Vernal  Equinox,  and  the  Sun  at  that 
time  appears  in  the  firft  point  of 
In  this  pofition  of  the  Earth,  two  Poles 
of  the  world  are  in  the  line  feparating 
light  and  darknefs;  and  as  the  Earth 
turns  round  her  axis,  juft  one  half  of 
the  equator,  and  all  its  parallels,  will  be 
in  the  light,  and  the  other  half  in  the 
dark ;  and  therefore  the  days  and  nights 
nnift  be  every  where  equal. 

As  the  Earth  moves  along  in  her  or¬ 
bit,  you  will  perceive  the  North  Pole  ad¬ 
vances  by  degrees  imp  the  illuminated 

Q  2  he- 
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hemifphere,  and  at  the  fame  time  the 
South  Pole  recedes  into  darknefs;  and 
in  all  places  to  the  Northward  of  the 
equator,  the  days  continually  lengthen, 
while  the  contrary  happens  in  the  South¬ 
ern  parts,  until  at  length  the  Earth  is  ar¬ 
rived  in  Capricorn .  In  this  pofition  of 
the  Earth  all  the  fpace  included  within 
the  ardtic  circle  falls  wholly  within  the 
light,  and  all  the  oppoflte  part  lying 
within  the  autarkic  circle,  is  quite  in¬ 
volved  in  darknefs.  In  all  places  between 
the  equator  and  the  arctic  circle,  the 
days  are  now  at  the  Iongeft,  and  are 
gradually  longer,  as  the  place  are  more 
remote  from  the  equator.  In  the  South¬ 
ern  hemifphere  there  is  a  contrary  effect'. 
All  the  while  the  Earth  is  travelling  from 
Capricorn  towards  Aries ,  the  North  Pole 
gradually  recedes  from  the  light,  and  the 
South  Pole  approaches  nearer  to  it  5  the 
days  in  the  Northern  hemifphere  gra¬ 
dually  decreafe,  and  in  the  Southern  he¬ 
mifphere  they  increafe  in  the  fame  pro¬ 
portion,  until  the  Earth  be  arrived  in  r ; 
then  the  two  Poles  of  the  world  lie  ex¬ 
actly  in  the  line  feparating  light  and 
darknefs,  and  the  days  are  equal  to  the 
nights  in  ali  places  of  the  world.  As 
the  Earth  advances  towards  Cancer ,  the 
North  Pole  gradually  recedes  from  the 

light. 
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light,  while  the  Southern  one  advances 
into  it,  at  the  fame  rate.  In  the  North¬ 
ern  hemifphere  the  days  decreafe,  and 
in  the  Southern  one  they  gradually 
lengthen,  until  the  Earth  being  arrived  in 
Cancer ,  the  North  frigid  Zone  is  all  in¬ 
volved  in  darknels,  and  the  South  frigid 
Zone  falls  intirely  within  the  light;  the 
days  every  where  in  the  Northern  hemi¬ 
fphere  are  now  at  the  fhorteft,  and  to 
the  Southward  they  are  at  the  longeft. 
As  the  Earth  moves  from  hence  towards 
Libra ,  the  North  Pole  gradually  ap¬ 
proaches  the  light,  and  the  other  recedes 
from  it;  and  in  all  places  to  the  North¬ 
ward  of  the  equator,  the  days  now  length-, 
en,  while  in  the  oppohte  hemifphere  they 
gradually  fhorten,  until  the  Earth  has 
gotten  into  ;  in  which  pofition  the  days 
and  nights  will  again  be  of  equal  length 
in  all  parts  of  the  world. 

You  might  have  obferved  that  in  all 
pofitions  of  the  Earth,  one  half  of  the 
equator  was  in  the  light,  and  the  other 
half  in  darknefs;  whence  under  the 
equator,  the  days  and  nights  are  always 
of  the  fame  length:  And  all  the  while 
the  Earth  was  going  from  ^  towards  t, 
the  North  Pole  was  conftantly  illu¬ 
minated,  and  the  South  Pole  all  the 
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while  in  darknefs;  and  for  the  other  half 
year,  the  contrary.  Sometimes  there  is 
a  femicircle  exactly  facing  the  Sun,  fixed 
over  the  middle  of  the  Earth,  which 
may  be  called  the  horizon  of  the  disk^ 
This  will  do  inftead  of  the  lamp,  if  that 
half  of  the  Earth  which  is  next  the  Sun 
be  confidered,  as  being  the  illuminated 
hemifphere,  and  the  other  half,  to  be 
that  which  lies  in  darknefs. 
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The  great  circle  v,  y,  n,  &c.  repre¬ 
fen  t  the  Earth's  annual  orbit  5  and  the 
four  lefler  circles  ESQC,  the  ecliptic, 
upon  the  furface  of  the  Earth,  coincide 
ing  with  the  great  ecliptic  in  the  Hea« 
vens.  '  Thefe  four  Idler  figures  repre- 
fent  the  Earth  in  the  four  cardinal  points 
of  the  ecliptic,  P  being  the  North  Pole  of 
the  equator,  and  p  the  North  Pole  of 
the  ecliptic;  SPC,  the  folftitial  colure 
which  is  always  parallel  to  the  great  foE 
ftitial  colure  as  ©  vf  in  the  Heavens; 
EPCVthe  equino&ial  colure.  The  o* 
ther  circles  palling  thro’  P,  are  meridians 
at  two  hours  diftance  from  one  ano¬ 
ther;  the  femicircle  EiEQjs  the  North¬ 
ern  half  of  the  equator;  the  parallel 
circle  touching  the  ecliptic  in  S,  is  the 
tropic  of  Cancer ;  the  dotted  circle,  the 
parallel  of  London ,  and  the  frnall  cir- 
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de,  touching  the  Pole  of  the  ecliptic^ 
is  the  Arffiic  Circle  The  (haded  part* 
which  is  always  oppoiite  to  the  Sun* 
is  the  obibure  hemiiphere,  or  that 
which  lies  in  darknefs,  and  that  which 
is  next  the  Sun,  is  the  illuminated  he- 
mifphere. 

If  we  fuppofe  the  Earth  in  hie  will 
then  fee  the  Sun  in  v  (which  makes  our 
vernal  equinox)  and  in  this  polition  thi 
circle  bounding  light  and  darknefs, 
which  here  is  SC,  pafies  thro’  the  Poles 
of  the  World,  and  bifeds  all  the  paral¬ 
lels  of  the  equator  j  and  therefore  the 
diurnal  and  nodurnal  arches,  or  the 
length  of  the  days  and  nights,  are  equal 
in  all  places  of  the  world. 

But  while  the  Earth  in  her  annual 
eourfe,  moves  through  iu>  £,  to  w,  the 
line  SC,  keeping  fliil  parallel  to  itfelf, 
or  to  the  place  where  it  was  at  firft^ 
the  Pole  P  will,  by  this  motion,  gradu¬ 
ally  advance  into  the  illuminated  hemi- 
fphere;  and  alio  the  diurnal  arches  of 
the  parallels  gradually  increafe,  and  con- 
fequently  the  nodurnal  ones  decreafe  in 
the  fame  proportion,  until  the  Earth 
has  arrived  into  in  which  polition 
the  Pole  P5  and  all  the  fpace  within  the 
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arftic  circle,  fall  wholly  within  the  il¬ 
luminated  hemifphere,  and  the  diurnal 
arches  of  all  the  parallels  that  are  with¬ 
out  this  circle,  will  exceed  the  no&urnal 
arches  more  or  lefs,  as  the  places  are 
nearer  to,  or  farther  oft  from  it,  until 
the  didance  from  the  Pole  is  as  far  as 
the  equator,  where  both  thefe  arches 
are  always  equal. 

Again,  while  the  Earthis  moving  from 
kf  through  x>  to  the  PoleP  begins 
to  incline  to  the  line,  diftinguifhing 
light  and  darknefs,  in  the  fame  pro¬ 
portion  that  before  it  receded  from  it$ 
and  confequentlv  the  diurnal  arches 
gradually  leffen,  until  the  Earth  has 
arrived  into  v,  where  the  Pole  P  will 
again  fall  on  the  horizon,  and  fo  caufe 
the  days  and  nights  to  be  every  where 
equal.  But  when  the  Earth  has  palled 
V,  while  fhe  is  going  thro5  « ,  and  n,  &c\ 
the  Pole  P  will  begin  to  fall  in  the  ob« 
fcure  hemifphere,  and  fo  recede  gradu¬ 
ally  from  the  light,  until  the  Earth  is 
arrived  in  sj  in  which  pofition  not 
only  the  Pole,  but  all  the  fpace  within 
the  ardtic  circle,  are  involved  in  dark¬ 
nefs,  and  the  diurnal  arches  of  all  the 
parallels,  without  the  ardtic  circle,  are 
equal  to  the  nofturnal  arches  of  the 
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fame  parallels,  when  the  Earth  was  in 
the  oppofite  point  y?-,  and  it  is  evident 
that  the  days  are  now  at  the  fhorteft, 
and  the  nights  the  longeft.  But  when 
the  Earth  has  part  this  point,  while  (he 
is  going  through  a  and  ir,  the  Pole  P 
will  again  gradually  approach  the  light, 
and  fo  the  diurnal  arches  of  the  paral¬ 
lels  gradually  lengthen,  until  the  Earth 
is  arrived  in  & ;  at  which  time  the  days 
and  nights  will  again  be  equal  in  all 
places  of  the  World,  and  the  Pole  it  (elf 
juft  fee  the  Sun, 

Here  we  only  confidered  the  phasno- 
mena  belonging  to  the  Northern  paral¬ 
lels;  but  if  the  Pole  P  be  made  the  South 
Pole,  then  all  the  parallels  of  latitude 
will  be  parallels  of  South  latitude,  and 
the  days,  every  where,  in  any  pofition 
of  the  Earth,  will  be  equal  to  the  nights 
of  thofe  who  lived  in  the  oppofite  hemi- 
fphere,  under  the  fame  parallels. 

Of  the  Phafes  of  the  Moon ,  and  of  her 
Motion  in  her  Orbit . 

The  orbit  of  the  Moon  makes  an 
angle  with  the  plane  of  the  ecliptic,  of 
above  54  degrees,  and  cuts  it  into  two 
points,  diametrically  oppofite  (after  the 
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fame  manner  as  the  equator  and  the 
ecliptic  cut  each  other  upon  the  globe, 
in  and  which  points  are  called  the 
Nodes.  Nodes ;  and  a  right  line  joining  thefe 
points,  and  paffing  through  the  center 
of  the  Earth,  is  called  the  Line  of  the 
Nodes .  That  node  where  the  Moon 
begins  to  afcend  Northward  above  the 
plane  of  the  ecliptic,  is  called  the  Af- 
Drtgcn-s  tending  Node ,  and  the  Head  of  the  Dra- 
Head.  gotiy  and  is  thus  commonly  marked 

The  other  node  from  whence  the  Moon, 
defcends  to  the  Soutward  of  the  eclip¬ 
tic,  is  called  the  Defending  Node ,  and  the 
Dragons  Tail ,  and  is  thus  marked 
The  line  of  nodes  continually  fhifts 
itfelf  from  Eaft  to  Weft,  contrary  to  the 

Retrograde01'^  *he  %ns>  and  with  this  re- 
Motion  oftrograde  motion,  makes  one  revolution 
fe  Nodes .  round  the  Earth,  in  the  fpace  of  about 
19  years. 

The  Moon  defcribes  its  orbit  round 
the  Earth  in  the  fpace  of  27  days  and 
7  hours,  which  fpace  of  time  is  called 
Periodical  a  Periodical  Month -y  yet  from  one  con- 
idon.h*  j undf ion  to  the  next,  the  Moon  fpends 
29  days  and  a  half,  which  is  called  a 
Synodical  Month ;  becaufe  while  the  Moon 
in  her  proper  Orbit  finifhes  her  courfe, 
tlx  Earth  advances  near  a  whole  fign 
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m  the  ecliptic;  which  [pace  the  Moon 
has  ftill  to  describe,  before  file  will  be 
feen  in  conjunction  with  the  Sun. 

When  the  Moon  is  in  conjunction 
with  the  Sun,  note  her  place  in  the 
ecliptic  3  then  turning  the  handle,  you 
will  find  that  27  days  and  7  hours  will 
bring  the  Moon  to  the  fame  place;  and 
after  you  have  made  24-  revolutions 
more,  the  Moon  will  be  exactly  betwixt 
the  Sun  and  the  Earth. 

The  Moon  all  the  while  keeps  in  her 
orbit,  and  fo  the  wire  that  fupports 
her  continually  rifes  or  falls  in  a  locket, 
as  fhe  changes  her  latitude;  the  black 
cap  fhifts  itfelf,  and  fo  fliews  the  pha-^^; 
fes  of  the  Moon,  according  to  her  age/  'eMoon° 
or  how  much  of  her  enlightened  part  is 
feen  from  the  Earth.  In  one  fynodical 
month,  the  line  of  the  nodes  moves 
about  1  4-  degree  from  Weft  to  Eafl, 
and  fo  makes  one  entire  revolution  in 
39  years. 

Let  AB  be  an  arch  of  the  Earths  or* 
bit,  and  when  the  Earth  is  in  T,  let  the 
Moon  be  in  N,  in  conjunction  with  the 
Sun  in  S,  while  the  Moon  is  defcribing 
her  orbit  NAFD,  the  Earth  will  de~ 
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fcribe  the  arch  of  her  orbit  T  /;  and 
when  the  Earth  has  got  into  the  point  t , 
the  Moon  will  be  in  the  point  of  her 
orbit  ny  having  made  one  compieat  re¬ 
volution  round  the  Earth.  But  the 
Moon,  before  fhe  comes  in  conjundtion 
with  the  Sun,  mu  ft  again  defcribe  the 
arch  n  o-,  which  arch  is  fimilar  to  T  fy 
becauie  the  lines  FN, f n ,  are  parallel; 
and  becaufe,  while  the  Moon  defcribes 
the  arch  n  o ,  the  Earth  advances  forv/ard 
in  the  ecliptic;  the  arch defcribed  by  the 
Moon,  after  fhe  has  finifhed  her  perio¬ 
dical  month,  before  (he  makes  a  fy  no¬ 
di  cal  month,  muft  be  fomewhat  greater 
than  n  o.  To  determine  the  mean  length 
of  a  iynodical  month,  find  the  diurnal 
motion  of  the  Moon  (or  the  fpace  fhe 
defcribes  round  the  Earth  in  one  day) 
and  likewife  the  diurnal  motion  of  the 
Earth;  then  the  difference  betwixt  the 
two  motions,  is  the  apparent  motion  of 
the  Moon  round  the  Earth  in  one  day; 
then  it  will  be,  as  this  differential  arch 
is  to  a  whole  circle;  fo  is  one  day  to 
that  fpace  of  time  wherein  the  Moon 
appears  to  defcribe  a  compieat  circle 
round  the  Earth,  which  is  about  294- 
days.  But  this  is  not  always  a  true 
„ Lunation ,  for  the  motion  of  the  Moon 
is  fometimes  f after,  and  fometimes  flow¬ 
er, 
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cr,  according  to  the  pofition  of  the  Earth 
in  her  orbit. 

In  one  fynodical  month  the  Moon 
has  all  manner  of  afpefts  with  the  Sun 
and  Earth,  and  becaufe  (he  is  opaque* 
that  face  of  hers  will  only  appear  bright 
which  is  towards  the  Sun,  while  the  op- 
pofite  remains  in  darknefs.  But  the 
inhabitants  of  the  Earth  can  only  fee 
that  face  of  the  Moon  which  is  turned 
towards  the  Earth;  and  therefore,  ac¬ 
cording  to  the  various  pofitions  of  the 
Moon,  in  refpe£t  of  the  Sun  and  Earthy 
we  obferve  different  portions  of  her  illu¬ 
minated  face,  and  fo  a  continual  change 
in  her  *  Phafes . 

/ 

i 

Let  S  be  the  Sun,  RTV  an  arch  of 
the  Earth’s  orbit,  T  the  Earth,  and  the 
circle  ABCD,  &c.  the  Moons  orbit,  in 
which  the  turns  round  the  Earth  in  the 
fpace  of  a  month;  and  let  A,  B,  C,  &c. 
be  the  centers  of  the  Moon  in  different 
parts  of  her  orbit. 

Now  if  with  the  lines  S  A,  S  B,  &c. 
we  join  the  centers  of  the  Sun  and 

Moon, 


*  Phafes  of  the  Moon  are  thofe  different  appearances 
we  obferve  in  her,  according  to  her  polition  in  refpedt. 
to  the  Sun  and  Earth, 
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Moon,  and  at  right  angles  to  thefe  draw 
the  lines  H  G;  the  faid  lines  H  O  will 
be  the  circles  that  feparate  the  illumi¬ 
nated  part  of  the  Moon  from  the  dark 
and  obfcure.  Again,  if  we  conceive 
another  line  I  L  to  he  drawn  at  right 
angles  to  the  lines  TA,  TB,  &c.  paf- 
fing  from  the  center  of  the  Earth  to  the 
Moon,  the  faid  line  I  L  will  divide  the 
vifible  hemifphere  of  the  Moon,  or  that 
which  is  turned  towards  us,  from  the  in- 
vifible,  or  that  which  is  turned  from  us; 
and  this  circle  may  be  called  the  Circle 
of  Vifon . 

Now  it  is  manifeft,  that  whenever  the 
Moon  is  in  the  pofition  A,  or  in  that 
point  of  her  orbit  which  is  oppofite  to 
the  Sun,  the  circle  of  vifion,  and  the 
circle  bounding  light  and  darknefs,  do 
coincide,  and  all  the  illuminated  face  of 
the  Moon  is  turned  towards  the  Earth, 
and  is  vifible  to  us ;  and  in  this  pofition 

Full  Moon,  the  Moon  is  laid  to  be  full  But  when 
the  Moon  arrives  to  B,  all  her  illumi¬ 
nated  face  is  then  not  towards  the  Earth, 
there  being  a  part  of  it,  HBI,  not  to  be 
fee n  by  us;  and  then  her  viiible  face  is 
deficient  from  a  circle,  and  appears  of 
a  gibbous  form,  as  in  B.  Fig .  3.  Again 
When  (he  arrives  to  C2  the  two  fore¬ 
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mentioned  circles  cut  each  other  at  right 
angles,  and  then  we  obferve  a  half  Moon ,  Hay 
as  in  C,  Fig.  3.  And  again  the  illu -Mein. 
minated  face  of  the  Moon  is  more  and 
more  turned  from  the  Earth,  until  fhe 
comes  to  the  Point  E,  where  the  circle 
of  vilion,  and  that  bounding  light  and 
darknefs,  do  again  coincide.  Here  the 
Moon  difappears,  the  illuminated  part 
being  wholly  turned  from  the  Earth; 
and  (he  is  now  faid  to  be  in  ConjnnSiion 
with  the  Sun ,  becaufe  fhe  is  in  the  fame 
direction  from  the  Earth  that  the  Sun  is 
in,  which  pofition  we  call  a  New  Moon.N‘™ 
When  the  Moon  is  arrived  to  F,  fhe^**’ 
again  affumes  a  horned  figure,  but  her 
horns  (which  before  the  change  were 
turned  Weft  ward)  have  now  changed 
their  pofition,  andlook  Eaft  ward.  W hen 
file  has  arrived  to  a  quadrate  afpedt  at 
G,  fhe  will  appear  biftedted,  'like  a  half 
Moon,  afterwards  fhe  will  ftill  grow  big¬ 
ger,  until  at  laft  fhe  comes  to  A,  where  a- 
gain  fhe  will  appear  in  her  full  fplendor. 

The  fame  appearances  which  we  ob¬ 
ferve  in  the  Moon  are  likewife  obferved 
by  ihcLmarians  in  the  Earth,  our  Earth 
being  a  Moon  to  them,  as  their  Moon 
is  to  us ;  and  we  are  obferved  by  them  to 
be  carried  round  in  the  fpacc  of  time 

that 
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that  they  are  really  carried  rotmd  the 
Earth  But  the  fame  phafes  of  the 
Earth  and  Moon  happen  when  they  are 
in  contrary  pofition;  for  when  the  Moon 
is  in  conjunction  to  us,  the  Earth  is  then 
in  opposition  to  the  Moon,  and  the  Lu¬ 
narians  have  then  a  full  Earth,  as  we  in 
a  fimiiar  pofition  have  a  full  Moon. 
When  the  Moon  comes  in  oppofition  to 
the  Sun,  the  Earth,  feen  from  the  Moon, 
will  appear  in  conjunction  with  her, 
and  in  that  pofition  the  Earth  will  dis¬ 
appear  ^  afterwards  flhe  will  affume  a 
horned  figure,  and  lb  fhew  the  fame 
phafes  to  the  inhabitants  of  the  Moon 
as  fhe  does  to  us. 

Of  the  Eclipfes  of  the  Sun  and  Moon . 

An  Eclipfe  is  that  deprivation  of  light 
in  a  Planet,  when  another  is  interpofed 
betwixt:  it  and  the  Sun.  Thus,  an 
eclipfe  of  the  Sun  is  made  by  the  in¬ 
ter  pofition  of  the  Moon  at  her  con¬ 
junction,  and  an  eclipfe  of  the  Moon  is 
occalioned  by  the  Ihadow  of  the  Earth 
falling  upon  the  Moon,  when  fhe  is  in 
oppofition  to  the  Sun, 

Let  S  be  the  Sun,  T  the  Earth,  and 
ABC  its  fhadowj  now  if  the  Moon* 

when- 
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when  die  is  in  oppofition  to  the  Sun? 
fhould  come  into  the  conical  (pace  ABC, 
fhe  will  then  be  deprived  of  the  tolars 
light,  and  io  undergo  an  eclipfe*  Eclipfe*. 


j  unar 


In  the  fame  manner,  when  the 
dow  of  the  Moon  falls  upon  the  Earth 
(which  can  never  happen  but  when  the 
Moon  is  in  conjunction  with  the  Sun) 
that  part  upon  which  the  fhadow  falls 
will  be  involved  in  darknefs,  and  the^r 
Sun  eclipfed.  But  becaufe  the  Moon  is Eclipfe 
much  lefs  than  the  Earth,  the  fhadow 
of  the  d  cannot  cover  the  whole  Earth, 
but  only  a  part  of  it.  Let  S  be  the  Sun,Eig.  5 
T  the  Earth,  ABC  the  Moon's  orbit, 
and  L  the  Moon  in  conjunction  with 
the  Sun:  Here  the  fhadow  of  the  Moon 
falls  only  upon  the  part  DE  of  the 
Earth’s  furface,  and  there  only  the  Sun 
is  intirely  hid:  but  there  are  other  parts 
EF,  DG,  on  each  fide  of  the  fhadow, 
where  the  inhabitants  are  deprived  of 
part  of  the  Solar  rays,  and  that  more 
or  lefs,  according  to  their  diftance  from 
the  fhadow,  Thofe  who  live  at  H  and  I 
will  fee  half  of  the  Sun  eclipfed,  but  in 
the  fpaces  FM,  ON,  all  the  Suns  body 
will  be  vifible,  without  any  eclipfe. 
From  the  preceding  figure  it  appears, 
that  an  eclipfe  of  the  Sun  does  not  reach 
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a  great  way  upon  the  fuperficies  of  the 
Earth;  but  the  whole  body  of  the  Moon 
may  fometimes  be  involved  in  the 
Earth’s  fhadow. 

Although  the  Moon  feen  from  the 
Earth,  and  the  Earth  feen  from  the 
Moon,  are  each  alternately,  once  a 
month,  in  conjun&ion  with  the  Sun; 
yet,  by  reafon  of  the  inclination  of  the 
Moon's  orbit  to  the  ecliptic,  the  Sun  is 
not  eclipfed  every  new  Moon,  nor  the 
Fii'  6*  Moon  at  every  full.  Let  T  be  the 
Earth,  DTE  an  arch  of  the  ecliptic,  A 
LBF,  the  Moon's  orbit,  having  the 
Earth  T,  in  its  center;  and  let  AGBG 
be  another  circle  coinciding  with  the  e- 
cliptic,  and  A,  B,  the  nodes,  or  the  two 
points  where  the  Moon's  orbit  and  the 
ecliptic  cut  each  other,  A  the  afeend- 
ing  node,  and  B  the  defcending  node. 
The  angle  GAL  equal  to  GBL  is  the 
inclination  of  the  Moon's  orbit  to  the 
ecliptic,  being  about  5 ~  degrees.  Now 
a  fpeftator  from  the  Earth  at  T,  will 
obferve  the  Sun  to  move  in  the  circle  A 
GBC,  and  the  Moon  in  her  orbit  ALBF ; 
whence  it  is  evident,  that  the  Sun  and 
Moon  can  never  be  feen  in  a  direft  lino 
from  the  center  of  the  Earth,  blit  when 
the  Moon  is  in  one  of  the  nodes  A  or  B ; 

and 
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and  then  only  will  the  Sun  appear 
centrally  eclipfed.  But  if  the  conjunc¬ 
tion  of  the  Moon  happens  when  fhe  is 
any  where  within  the  diftance  A  c  of  the 
nodes,  either  North  or  South,  the  Sun 
will  then  be  eclipfed,  more  or  lefs,  ac¬ 
cording  to  the  diftance  from  the  node 
A,  or  B.  If  the  conjunction  happens 
when  the  Moon  is  in  b ,  the  Sun  will  be 
then  one  half  eclipfed;  and  if  it  happens 
when  (he  is  in  c,  the  Moon’s  limb  will 
juft  touch  the  Sun’s  disk,  without  hid¬ 
ing  any  part  of  it. 

The  fhadow  of  the  Earth  at  the  place 
where  the  Moon’s  orbit  interfefts  it,  is 
three  times  as  large  as  the  Moon’s  dia¬ 
meter,  as  in  Fig.  4.  and  therefore  it  of¬ 
ten  happens  that  eclipfes  of  the  Moon 
are  total,  when  they  are  not  central: 

And  for  the  fame  reafon  the  Moon  may 
fometimes  be  totally  eclipfed  for  three 
hours  together;  whereas  total  eclipfes 
of  the  Sun  can  fcarcely  ever  exceed  four 
minutes. 

The  eclipfes  of  the  Sun  and  Moon  are 
very  well  explained  by  the  Orrery :  Thu& 
having  put  the  lamp  in  the  place  of 
the  Sun,  and  the  little  Earth  and  the 
little  Moon  in  their  proper  places,  in* 
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{lead  of  the  larger  ones,  let  the  room 
wherein  the  inftrument  Hands  be  dark¬ 
ened;  then  turning  the  handle  about, 
you  will  fee  when  the  conjunction  of 
the  Moon  happens.  When  (lie  is  in  or 
near  one  of  the  nodes,  her  fliadow  will 
fall  upon  the  Earth,  and  fo  deprive  that 
part  upon  which  it  falls  of  the  light  of 
the  Sun:  If  the  conjunftion  happens 
when  the  Moon  is  not  near  one  of  the 
nodes,  the  light  of  the  lamp  will  fall 
upon  the  Earth,  either  above  or  below 
the  Moon,  according  to  her  latitude  at 
that  time.  In  like  manner,  when  the 
full  Moon  happens  near  one  of  the 
nodes,  the  fhadow  of  the  Earth  will  fall 
upon  the  Moon;  and  if  the  Moon’s  la¬ 
titude  be  but  fmall,  her  whole  face,  will 
be  involved  in  darknefs.  At  other  times, 
when  the  full  Moon  happens  when  Hie 
is  not  near  one  of  her  nodes,  the  fha¬ 
dow  of  the  Earth  will  pafs  either  above 
or  below  the  Moon,  and  fo  by  that 
means  the  Moon  will  efcape  being 
ecliofed. 

i 

Of  the  Eclipfes  of  the  Satellites  of  Jupiter, 

The  apparent  diameters  of  the  infe¬ 
rior  Planets  are  fo  fmall,  that  when  they 
pais  betwixt  us  and  the  Sun,  they  only 
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appear  like  fmall  fpots  upon  the  Sun's 
furface,  without  depriving  us  of  any  fen- 
fible  quantity  of  his  light.  The  fha- 
dow  of  the  Earth  likewife  terminates 
before  it  reaches  any  of  the  fuperior  Pla¬ 
nets,  fo  that  they  are  never  eclipfed  by 
us;  and  the  Earth  when  fhe  is  in  con¬ 
junction  with  the  Sun,  only  appears  like 
a  black  fpot  upon  his  furface. 

But  'Jupiter  and  his  Moons  mutually 
eclipfe  each  other,  as  our  Earth  and 
Moon  do;  as  alfo  doth  Saturn  and  his 
Moons.  The  fatellites  of  Jupiter  be¬ 
come  twice  hid  from  us,  in  one  circu¬ 
lation  round  it  ;  viz.  once  behind  the 
body  of  Jupiter ,  i.  e .  when  they  are  in 
the  right  line  joining  the  centers  of 
the  Earth  and  it  ;  and  again  they  be¬ 
come  invifible  when  they  enter  the  fha- 
dow  of  Jupiter ,  which  happens  when 
they  are  at  their  Full,  as  feen  from  it , 
at  which  times  they  alfo  fuffer  eclipfes; 
which  eclipfes  happen  to  them  after  the 
fame  manner  as  they  do  to  our  Moon,, 
by  the  interpofition  of  the  Earth  be¬ 
twixt  her  and  the  Sun. 

Let  S  be  the  Sun,  ABT  the  Earth’s  7. 
orbit;  and  C  it  D,  an  arch  of  Jupiter s 
orbit,  in  which  let  Jupiter  be  in  the 
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point  %  ;  and  let  CFDH  be  the  orbit  of 
one  of  Jupiter  s  fatellites,  which  we  will 
here  fuppofe  to  be  the  fartheft  from  him. 
Thefe  fatellites,  while  they  movethro’the 
inferior  parts  of  their  orbs,  viz.  from 
D  thro’  H,  I,  to  C,  feem  from  the  Earth 
and  the  Sun  to  have  a  retrograde  mo¬ 
tion  ;  but  when  they  are  in  the  fuperior 
part  of  their  orbit,  they  are  then  feen  to 
move  from  Weft  to  Eaft,  according  to 
their  true  motion.  Now  while  they  de- 
fcribe  the  fuperior  part  of  their  orbits, 
they  will  be  twice  hid  from  the  Earth, 
once  in  the  fhadow  of  n ,  and  once  be- 
hind  his  body.  If  Jupiter  be  more 
Wefterly  than  the  Sun,  that  is,  when  the 
Earth  is  in  A,  they  will  be  firft  hid  in 
the  (hadow  F,  and  afterwards  behind 
the  body  of  V-  in  G:  But  when  the 
Earth  is  in  B,  then  they  are  firft  hid  be- 
jhind  it  ’s  body  in  E,  and  afterwards  fall 
into  the  fhadow  F.  While  the  fatei- 
lites  defcribe  the  inferior  parts  of  their 
orbit,  they  only  once  difappear,  which 
may  be  either  in  I  or  H,  according  to 
the  pofition  of  the  Earth,  in  which  pla¬ 
ces  they  cannot  be  diftinguifhed  from 
the  body  of  Jupiter , 

When  the  fatellites  feen  fromi^arq 
In  conjunction  with  the  Sun,  their  fha- 

dows 
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dows  will  then  fall  upon  %  ,  and  fome 
part  of  his  body  be  involved  in  dark- 
nefs,  to  which  part  the  Sun  will  be  to¬ 
tally  eclipied. 

By  obferving  the  ecliples  of  Jupiter  § 
fatellites,  it  was  firfl:  difcovered  that  light 
is  not  propogated  inftantaneoufly^ 
though  it  moves  with  an  incredible 
fwiftnefs:  For  if  light  came  to  us  in  an 
inftant,  an  obferver  in  T  will  fee  an 
eclipfe  of  one  of  the  fatellites,  at  the 
fame  time  that  another  in  K  would.  But 
it  has  been  found  by  obfervations,  that 
when  the  Earth  is  in  K,  at  her  neareft 
diftance  from  Jupiter ,  thefe  eclipfes  hap¬ 
pen  much  fooner  than  when  fhe  is  in  T. 
Now  having  the  difference  of  time  be¬ 
twixt  thefe  appearances  in  K  and  T,  we 
may  find  the  length  of  time  the  light 
takes  in  paffing  from  K  to  T,  which 
fpace  is  equal  to  the  diameter  of  the 
Earth’s  annual  orb.  By  thefe  kinds  of 
obfervations  it  has  been  found,  that 
light  reaches  from  the  Sun  to  us  in  the 
fpace  of  eleven  minutes  of  time,  which 
is  at  lead  at  the  rate  of  ioosooo  miles 
in  a  fecond. 
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A  CATALOGUE 

Of  Mathematical,  Philolophicaff 
and  Optical  Inftruments^ 

MADE  and  SOLD  by 

BENJAMIN  COLE , 


Fleet-ftreet ,  London , 


VARIETY  of  pocket  cafes  of  Drawing  In- 
ftruments,  in  Silver,  from  3I.  3s.  to  — 
Ditto,  in  Brafs,  from  5s.  to 


} 


Magazine  Cafes,  in  Silver,  from  12I.  to  — - 

Ditto,  in  Brafs,  from  5I.  to  — 

Circular  Compaffes  to  defcribe  a  Circle  as  fmall 
as  a  pin’s  head,  from  3s.  to  — — — — 

Long  Hand  Drawing-pens,  from  is.  to  —— 
Compaffes  in  Brafs,  with  fhifting  points,  as  the  / 
Ink  and  Black  Lead  points,  from  2s.  6d.  to  % 
Plain  Compaffes,  from  6d.  to  — — — 

Beam  Compaffes,  for  drawing  large  circles,  fm,i  2.  to 
Proportionable  Compaffes,  from  ll.  is.  to  — 

Triangular  Compaffes,  from  14s.  to  — - - 

Elliptical  Compaffes,  for  Ovals,  from  ll.  11s.  6d, 

Hair  Compaffes  — — -  - - 

Bows  for  drawing  curved  lines,  from  4s.  to  — ~ 
Sets  of  Feather-edge  Scales,  in  Brafs,  Ivory,  or 

Wood,  from  1 2s.  to  - -  - - 

Plain  ditto,  or  Plotting  ditto,  in  ditto,  from  8d, 
Gunter’s  2  feet,  and  1  foot  Scales,  in  Brafs  or 
Wood,  from  2s.  to  —  — 1 — ■ — 

Frotraffors  of  all  forts,  from  is,  6d,  to  — 
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Parallel  Rules,  from  6  1036  inches,  from  2s.  6d.  to 
Crofs-bar  ditto,  in  Brafs,  Ivory,  or  Wood,  from  4*  \ 
inches,  to  3  feet,  from  10s.  6d.  to  _  3 

Settors,  in  ditto,  from  2s.  6d.  to  — -  -  - 

Theodolites,  from  3I.  3s.  to  . .  ■ _ , 

Ditto,  with  Vertical  arch,  Spirit  Levels,  Telef- 

cope,  &c.  from  10I.  10s.  to  - — . 

Plain  Tables,  from  3I.  3s.  to  - . 

Circumferentors,  the  principal  Inflrument  for  } 

Surveying  in  the  W eft-indies,  from  1 1.  1 6s.  to  j 
Gunter’s  four  pole  chains,  from  6s.  to  -■  o  12  a 

Spirit  Levels  of  all  forts,  from  5s.  to  . . 

Pcntographia,  for  the  ready  and  exaft  reduftion? 

or  copying  of  Schemes,  Drawings,  Prints,  &c.  $ 
MeafuringWheelsfor  Surveying,  from4l.i 4s. 6d. to 
Hadley’s  Quadrants,  with  Diagonal  Divifions  — 

Ditto,  with  a  Nonius,  from  2I.  2s.  to  - - 

Ditto,  all  in  Brafs,  from  3I.  13s.  6d.  to  - - 

Davies’s  Quadrant,  from  12s,  to  —  — 

Cole’s  ditto,  from  18s.  to  — ~  . . 

Sutton’s  ditto  — — —  - -  - - - 

Gunter’s  ditto,  from  3s.  6d.  to  —  — 

Horizontal  Sun  Dials,  for  all  Latitudes,  from  5s.  to  10 
Ring  Dials,  from  10s.  6d.  to  — ■■■■  ■ 

.Azimuth  Compares,  from  5I.  5s.  to  — — - 

Amplitude  ditto,  from  ll.  7s.  to  — • 

Mariner’s  Compaffes,  either  for  the  Cabin,  or  Bi- 
nacle,  from  7s.  6d.  to  —  — —  . 

Pocket  Compaffes,  from  is,  to 
Large  Orreries,  from  50L  to  * —  — — . 

Armillary  Spheres,  from  12I.  to  — <— 

Seventeen  inch  Globes  . . .  - 

Fifteen  inch  ditto  — »  — 

Twelve  inch  ditto 
Nine  inch  ditto  — 

Six  inch  ditto  * - - 

Three  inch  ditto,  in  a  cafe,  from  8s.  to  — 

Large  double  Barrell’d  handing  air  pumps 

Apparatus  to  ditto,  from  3I.  3s.  to  - - 

Double  Barrelled  table  air  pumps,  with  their  ap 
paratus,  from  5I,  15s.  6d.  to  .  —  — 

Single  BarrelTd  ditto 
Apparatus  to  ditto 


12 

12 

© 

4 

14 

6 

.  6 

6 

Q 

-  1 

*4 

O 

3 

*3 

6 

6 

6 

0 

1 

1 

© 

1 

5 

0 

0 

6 

0 

1 

.  1 

© 

10 

0 

© 

21 

0 

0 

10 

0 

© 

5 

rr 

0 

0 

3 

*3 

6 

1 

XI 

6 

>50 

0 

0 

5° 

0 

0 

6 

6 

0 

5 

5 

0 

3 

3 

a 

2 

2 

0 

1 

16 

© 

0 

10 

0 

25 

0 

0 

12 

12 

0 

20 

O 

0 

2 

12 

e 

2 

2 

0 

£Ho&ric?.| 


&  o 


U  S'  d* 


V3 

16 

12 


1  11 


^le&rical  Machines,  In  Brafs,  with  apparatus,? 
box,  &c.  from  5I.  5s.  to  £  * 

Barometers,  from  ll.  is.  to  — —  - -  1 

Ditto &  Thermometer,  in  one  frame, fm.  1. 1 1s.6d.to  2 
Barometer, Thermometer,  and  Hydrometer,  allin? 

one  frame,  from  21 12s.  6d.  to  ■  - -  S  ^ 

Farenheit’s  Thermometers,  in  mahogany  cales,  ^ 

from  ll.  5s.  to  - - —  ■  .... - ...  j 

Pocket  ditto,  in  black  cafes,  from  1 2s.  to 
Spirit  Thermometers,  on  box  fcales,  for  hot-houfes 
Hydrometers,  in  Ivory,  from  4s,  to  - —  — » 

Ditto,  in  copper,  with  weights,  for  proving? 

Spirits,  from  ll.  is.  to  —  .—-.3 

Hyaroftatic  Ballance,  with  apparatus,  — — - 

Speaking  Trumpets,  from  10s.  to  —  —* 

Hearing  ditto,  from  7s.  6d.  to  —  - — — ~ 

Refle&ing  Telefcop  es,  from  ll,  16s.  to 
Refra&ing  ditto,  of  various  lengths,  with  four  or 

fix  glades,  from  7s.  6d.  to  — *  - 

Double  refle&ing  Microfcopes,  from  3I.  13s.  6d.  to 

Solar  ditto,  in  Brafs,  from  4I.  4s.  to  — - - 

Wilfon’s  pocket  ditto,  from  ll,  5s,  to  — — — 

Qpake  ditto,  from  2I.  12s.  6d.  to  — 

Cloth  ditto,  from  3s.  6d.  to  ~ — -  — — ~ 

Flower  ditto,  from  3s.  6d.  to  — . 

Diagonal  Machines  for  viewing  prints,  from  16s.  to 

Large  Book  Camera  Obfcura,  from  4I,  4s.  to  - - 

Box  Camera  Obfcura,  from  10s.  6d.  to  — — — - 

Scioptric  Ball  and  Socket,  in  Wood  — 

Opera  Glalfes,  from  5s.  to  — . 

Profpect  ditto,  from  8d.  to  — —  — 

Magic  Lanthorn,  without  objefts,  from  ll,  is.  to 
Magic  Lanthorn  iliders,  with  objeffs,  from  5s.  to  — 
Mirrors,  convex  or  concave,  of  all  fizes,  in  black 
frames,  from  10s.  6d.  to  —  — r— 

Prifrns,  from  6s.  to  — - -  — 

Reading  Glalfes  fet  in  a  variety  of  curious  frames,  1 

from  2s*  6d.  to  - — ■ —  a 

Watchmaker’s  Glalfes,  in  frames,  from  i  s.  to  — 
Concave  ditto,  for  fhort  lighted  perfons,  from  is.  6d.tO 
Spectacles  ground  on  brafs  tools,  and  fet  in  filver,  ? 

tortoife  fhell,  horn,  &c.  from  is.  to  —  § 

Achromatic, Opera, and Profpeft  glalfes,  fm,  ll.  1  s,  to 


t 

o 

o 


1 

1 

1 

5° 

6 

7 

6 

2 

8 
o. 

o 

t 

5 

2 

o 

a 

o 

1 

o 


1 

10 

5 


*5 

1 1 
1 

o 


7 

a 

12 

7 

5 

1 1 

5 

2 

7 

12 

10 

7 

X  Q 


16  16 


2  12 


9 

2 


IQ 

2 


O 

o 

6 


7 


o 

6 

6 

© 

o 

6 

o 

o 

o 

o 

© 

6 

6 

6 

o 

6 

o 

o 

6 

6 

6 

o 

6 

9 

a 

6 

6 

0 

9 


1  ii 


Achromatic 


Achromatic  Telefcopes  of  any  length,  at  ll.  is.  each  foot. 
Gauging  Rules,  Carpenter’s  Rules,  and  all  other  kind  ofRules? 
at  the  ufual  Prices. 

The  Eleventh  Edition  of  PIarris  on  the  Globes,  with  the 
Defcription  and  Ufe  of  the  Orrery,  3s.  6d. 

The  Ufe  of  the  Seftor  and  plain  Scale  explained,  is. 

The  Ufe  of  H  ad  ley’s  Quadrant  explained,  6d. 

A  fine  Print  of  the  Orrery,  on  imperial  paper,  2s. 

A  fmaller  ditto,  6d, 

N  N  * 

Variety  of  otherlnftrumentstootedioustomention,  aremadd 
and  fold  at  the  above  place :  Where  any  Gentleman,  by  Letter,, 
or  other  Direflions,  may  depend  on  being  as  faithfully  ferved 
as  if  prefent.  And  as  I  have  been  long  in  the  Wholefale  part 
of  the  Bufinefs,  Merchants,  &c.  may  be  fure  of  being  fupplied 
on  the  Bell  Terms.  As  alfoby  M.  AllIson,  at  Falmouth . 

'■  U  ,  •  <  ■ :  •  : :  .0 


